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SYNOPSIS
This appendix presents the results of the studies on the effects of
&
limi
ted
regu
lati
on o
f La
ke E
rie
on h
ydro
elec
tric
powe
r ge
nera
tion
. T
hese
stud
ies
were
unde
rtak
en b
y th
e In
tern
atio
nal
Lake
Erie
Regu
lati
on S
tudy
Boar
d.
The
Boar
d wa
s es
tabl
ishe
d by
the
Inte
rnat
iona
l Jo
int
Comm
issi
on
in 1
977
to c
ondu
ct t
he s
tudy
as a
resu
lt o
f th
e re
fere
nce
from
the
Gov
ern
men
ts
of
Can
ada
and
the
Uni
ted
Sta
tes
.
The
pur
pos
e o
f t
he
stu
die
s w
as
to
det
erm
ine
the
eco
nom
ic
eff
ect
s o
f
chan
ges
in l
evel
s an
d fl
ows
as a
resu
lt o
f li
mite
d re
gula
tion
of L
ake
Erie. This appendix contains the study results of the effect on the
gen
era
tio
n o
f h
ydr
oel
ect
ric
pow
er
on
the
con
nec
tin
g c
han
nel
s o
f t
he
Gre
at
Lak
es
and
on
the
St.
Law
ren
ce
Riv
er.
The
stu
die
s o
f t
he
oth
er
eco
nom
ic
effe
cts,
name
ly:
coas
tal
zone
, co
mmer
cial
navi
gati
on,
recr
eati
onal
k
bea
che
s a
nd
boa
tin
g a
re
con
tai
ned
in
sep
ara
te
app
end
ice
s.
The methodologies used in evaluating the effects of the various
reg
ula
tio
n p
lan
s i
ndi
cat
e t
he
ben
efi
ts
or
los
ses
to
hyd
roe
lec
tri
c p
owe
r
3ene
rati
on i
n te
rms
of e
nerg
y an
d ca
paci
ty r
esul
ting
from
chan
ges
in
’
lev
els
and
flo
ws.
The
met
hod
s u
sed
in
the
eva
lua
tio
n w
ere
tho
se
use
d i
n
current economic studies by the power entities involved.
i
_
‘
i
Lak
e E
rie
reg
ula
tio
n p
lan
s,
des
ign
ate
d 2
5N,
158
and
6L,
wer
e s
ele
cte
d b
y
the Board and evaluated for 3 categories of Lake Ontario regulation. The
eval
uati
on p
roce
ss b
asic
ally
comp
ared
the
effe
cts
of t
he l
evel
s an
d fl
ows
that could be expected under these plans, with those that would be
expected under a basis-of-comparison.
The results of the entire studies as well as conclusions and
recommendations are provided in the Board's main report.
COV
ER
PHO
TO:
Aer
ial
pho
to
of
the
Sir
Ada
m B
eck
pow
er
pla
nt
on
{
Nia
gar
a
Riv
er.
Pow
er
Aut
hor
ity
of
the
Sta
te
of
New York photo.
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1.3 Procedure of Power Study
Hydroelectric power would be affected by regulation of any or all of the
Great Lakes since power generating facilities are located on all the
international connecting and outlet channels of the Great Lakes except
the St. Clair and Detroit Rivers. Determination of the effects of
regulation onhydroelectric power installations utilizing the levels and
flows of the Great Lakes system, under the basis-of-comparison conditions
and under the regulation plans for Lake Erie (25N, 158 or 6L) under
Category 1, 2, and 3 conditions for Lake Ontario was carried out by the
Power Subcommittee.
The determination of the effect of a regulation plan on hydroelectric
power is generally divided into two parts; the effect on dependable
capacity and energy output; and second, the monetary evaluation of any
changes in these two components measured by the replacement costs. Ice
conditions limit the flow at the time that the Hydro Quebec system
experiences peak load; therefore, no peak capacity benefit or loss is
expected andonly the effects of regulation on energy production were
evaluated.
In determining the effect of a regulation plan on hydroelectric power,
the results of operation under a plan were compared with results under
basis-of-comparison conditions, and in the case of Category 3, an
adjusted basis-of-comparison. Cbmplete descriptions of both the
basis-of-comparison and the regulation plans are given in the main report
and Appendix A - Lake Regulation. They are described in part, as follows:
(1) The basis of comparison consists of Lakes Superior and Ontario
regulated according to methods presently in effect which are Plan 1977
and Plan 1958-D with discretion, respectively, and Lakes Michigan-Huron
and Erie unregulated.
The outlet conditions for Lake Huron and for Lake
Erie are those of 1962 and 1953 respectively.
(2)
Under
the
regulation
plans
the
outlet
capacity
of
Lake
Erie
would be increased by three alternative control structures; one in the
Niagara
River
(25N)
and
two
in
the
Black
Rock
Canal
(158
and
6L).
The
structure
would
permit
additional
flow
to
be
discharged
from
Lake
Erie
when
the
supply
to
the upper
lakes
is above
normal.
Fbr
each of the
above
alternatives,
the
effect on Lake
Ontario has
been treated as
follows:
Under Category 1, Lake Ontario would be regulated under Plan
l958—D with discretionary deviations the same as the basis-of-
comparison.
Under
Category
2,
Plan
1958-0 was modified to
produce Lake
Ontario
levels
and
outflows
similar
to
those
experienced
under
actual
operation
without
lake
Erie regulated.
Under
Category
3,
the
St.
Lawrence
River
channel
capacities
and
the
regulation
plan
would
be
altered
to
satisfy
the
stage
criterion
contained
in
the
present
Lake
Ontario IJC Orders of Approval.
(3)
For
the
basis-of-comparison
and
each
regulation
plan,
it
was
assumed
that
the
above
conditions,
modified
by
present
diversions
into
and out of
the
lakes,
and by estimated
1985 navigation
flow requirements
 for lockages past the control structures, would apply at a constant rate
over the 77 year period (1900-1976). The estimated 1985 navigation
requirements were based on the traditional navigation season and do not
allow for the requirements of winter navigation.
This appendix presents the methods employed for computing and evaluating
the effects of the various regulation plans under load and power supply
conditions estimated to be in effect from 1985 through 2034 on all
related existing hydroelectric installations in Canada and the United
States on the St. Marys River at Sault Ste. Marie, on the Niagara River
near Niagara Falls and on the St. Lawrence River near Cornwall and
Beauharnois.
The existing power facilities have a total installed capacity of about
8,000,000 kilowatts (kW) of which 60 percent are in Canada and 30 percent
are in the United States.
Using the methodology described in this appendix, computer programs were
developed for the determination of peak and energy outputs. A copy of
each computer program together with operating instructions are contained
in Annex D which is bound separately.
Section 2
ST. MARYS RIVER POWER PLANTS
2.1 General Description
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2.1.1 Canadian Power Plant
Th
is
st
ud
y
wa
s
un
de
rt
ak
en
as
su
mi
ng
re
de
ve
lo
pm
en
t
of
th
e
Gr
ea
t
La
ke
s
Po
we
r
(GL
P)
Co
rp
or
at
io
n p
ow
er
si
te
,
wh
ic
h
is
sc
he
du
le
d
fo
r
co
mp
le
ti
on
in
198
2.
Ea
ch
of
th
e
th
re
e
ne
w
bu
lb
tu
rb
in
es
to
be
in
st
al
le
d
at
th
e
GL
P
pl
an
t
wi
ll
be
ra
te
d
at
18
MW
(t
ur
bi
ne
ou
tp
ut
),
a
ra
te
d
fl
ow
of
12
,4
50
cf
s
an
d
ra
te
d
ne
t
he
ad
of
18
.7
fe
et
.
Th
e
to
ta
l
us
ea
bl
e
fl
ow
ca
pa
ci
ty
of
ab
ou
t
37,
000
cfs
is
app
rox
ima
tel
y d
oub
le
the
cap
aci
ty
of
the
old
pla
nt.
2.1.2 United States Plants
The
re
are
two
hyd
roe
lec
tri
c p
owe
r p
lan
ts
loc
ate
d o
n t
he
Uni
ted
Sta
tes
sid
e
of
the
St.
Mar
ys
Riv
er,
wit
h
a c
omb
ine
d
rat
ed
cap
aci
ty
of
59,
600
kW
and
a c
orr
esp
ond
ing
flo
w o
f 4
3,2
00
cfs
.
The
Uni
ted
Sta
tes
Gov
ern
men
t
pla
nt,
whi
ch
con
tai
ns
fou
r u
nit
s a
nd
is
loc
ate
d a
t t
he
foo
t o
f t
he
rap
ids
, h
as
a t
ota
l c
apa
cit
y o
f 1
6,4
00
kW,
and
a h
ead
of
abo
ut
18.
7 f
eet
.
The
pla
nt
als
o h
as
one
uni
t l
oca
ted
at
the
hea
d o
f t
he
rap
ids
wit
h a
tot
al
cap
aci
ty
of
2,3
00
kW;
all
wat
er
use
d i
s t
ake
n f
rom
the
sam
e
div
ers
ion
can
al
and
tot
als
app
rox
ima
tel
y 1
2,7
00
cfs
at
pla
nt
cap
aci
ty.
The
Edi
son
Sau
lt
Ele
ctr
ic
Com
pan
y p
lan
t,
loc
ate
d b
elo
w t
he
rap
ids
, i
s
ser
ved
by
a 2
-1/
2 m
ile
lon
g d
ive
rsi
on
can
al.
Thi
s p
lan
t h
as
a t
ota
l
cap
aci
ty
of
41,
300
kW
at
a h
ead
of
18.
5 f
eet
wit
h a
wat
er
usa
ge
of
approximately 30,500 cfs at rated plant capacity.
2.2 Assumptions
The
ass
ump
tio
ns
ado
pte
d f
or
com
put
ing
the
tot
al
ene
rgy
and
pea
k c
apa
cit
y
out
put
s f
or
any
giv
en
reg
ula
ted
mon
thl
y m
ean
Lak
e S
upe
rio
r o
utf
low
and
lev
el
and
cor
res
pon
din
g
Lak
e
Hur
on
lev
el
are
giv
en
in
the
fol
low
ing
subsections:
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2.2.1 General
(1) The estimated 1985 navigation flow requirements by months are:
January 200 cfs
February 100 cfs
March 100 cfs
April 500 cfs
May 1250 cfs
June 1350 cfs
July 1650 cfs
August 1700 cfs
September 1400 cfs
October 1150 cfs
November 1100 cfs
December 400 cfs
(2) Flow requirement for the rapids below the compensating works is
set constant at 2000 cfs.
2.2.2 Canadian Plant
(1) The plant will be operated on a run-of-river basis; hence, in
any month, peak capacity and the rate at which energy is generated are
the same.
(2) The flow available for Canadian hydroelectric use is taken as
the lesser of the maximum capacity of the redeveloped Canadian plant or
the Canadian share computed as:
QC = 90 - Qm - 2000
2
where Qc = Canadian diversion in cfs,
Qo = Lake Superior mean monthly flow in cfs,
Qm = Estimated navigation flow requirement in cfs, and
2000 = Spill through compensating works in cfs.
(1) The permissible diversion by U.S. plants is assumed to be the
greater of the two amounts (limited by the capacity of the plant)
1
2.2.3 United States Plants
computed as:
\
  
2
Qus = Qo ' Qm ' Qc ' 2000
where Qus = United States diversion in cfs, and
Q0, QC, and Qm are as defined in Subsection 2.2.2
2.3 Methodology for Determining Capacity and Energy Output
The methods used to compute power output from the St. Marys River plants
have been developed by Ontario Hydro and the U.S. Army Corps of
Engineers, Detroit District, in co-operation with the Great Lakes Power
Corporation and their consultant, Acres Consulting Services Limited, and
the Edison Sault PDWer Company. The methods outlined below compute the
output from the redeveloped Canadian plant and the existing U.S. plants
under the basis-of-comparison conditions of levels and flows, and the
output which would result had a given regulation plan been in operation
over the same period. The general approach employed is as follows:
(1) Determine the head loss between Lake Superior and the forebay of
the plants to obtain forebay level.
(2) Determine the head loss between the tailrace of the plants and
Lake Huron to obtain tailwater level.
(3)
Compute head on the plant as the difference between forebay and
tailwater levels.
(4) Compute the permissible power diversions by the procedures
outlined in Subsection 2.2.
(5) Determine total output from output-head-discharge curves.
Details are given in the following subsections of the methods employed
for computing total output and the derivation of various relationships.
2.3.1 Canadian Plant
Head Determination:
The head available
at
the plant
was determined
as
the
difference
in elevation
between
the
two
lakes
less
the
loss
from lake
Superior to the plant foreway and the loss from the plant tailwater to
Lake
Huron.
The
relationships
employed
were
as
follows:
(1)
Head
loss
from
Lake
Superior
to
CH8
Gauge
011:
The
head
loss
relationship
was
determined
from
monthly
mean
records
of
Lake
superior
outflow
and
Lake
Superior
levels
at
Marquette,
Michigan
and
CH8
Gauge
011
available
for
the
period
1950
through
1964.
Two
relationships
were
required;
one
for
the
ice
cover
period,
January
to
March,
and
the
other
for
the
open
water
period,
April
to
December.
The
curves
are
shown
on
Figure
E-2
and
their
equations
are:
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é
j
 Jan - Mar Q = 135115 Fl/2
or ELOll = Superior Level - ___£zi___2
(135115)
Apr - Dec Q = 187070 F1/2
or ELOll = superior Level - ___£éi___
(187070)2
where F = fall or head loss in feet
= Superior Level - ELOll level, and
I
I
ELOll
Elevation
at
CHS
Gauge
011
in
feet
(2)
Head
loss
from
CHS
Gauge
011
to
Great
Lakes
Power
Plant
forebay:
A
single
relationship
is
applicable
to
all
months
and
is
shown
on
Figure
E-3.
The
equation
for
forebay
elevation
was
based
on
the
expected
performance of
the
redeveloped
forebay canal as determined
by Acres
Consulting Service:
FH
=
ELOll
—
0.0211
x
QC2'2826
(EL011—574.147)'6’06
where
FH
=
forebay
elevation
(in
feet),
ELOll
=
elevation
at
CBS
Gauge
011
in
feet,
and
QC = Canadian Diversion in cfs.
(3)
Head
loss
from
Lake
Huron
to
CH5
Gauge
012
: Head
losses
were
determined
by
unit
fall
relationships
between
levels
at
CHS
Gauge
012
and
Lake
Huron
at
Harbor
Beach,
Michigan
and
Lake
Superior
outflow
based
on
monthly
mean
records
for
the
period
1950
to
1964.
TWO
relationships
were
required
one
for
the
ice
cover
period
January
to
March,
and
one
for
the
open
water
period,
April
to
December.
These
relationships
are
shown
on
Figure
E-4
and
Figure
E-5.
The
equations
are:
Jan to Mar:
MWS = 57l.07+0.0001463 QCF‘l/2
Apr to Dec:
Mws = 569.10+0.0001489 x QCF‘l/2
where
F
=
head
loss
or
fall
in
feet
=
E
L
0
1
2
-
H
u
r
o
n
L
e
v
e
l
,
I
I
where
EL012
elevation
at
CHS
Gauge
012,
and
MWS
=
mean
water
surface
elevation
Huron Level + EL012
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Substitution of the above relationships gives the following equation for
the two periods:
 
Jan to Mar: (0 0002926 )2
EL012 = Huron Level + ' X QC
(Huron Level + EL012-ll42.l4)2
Apr to Dec:
2
EL012 = Huron Level + (0.0002978 X QC)
(Huron Level + EL012—1138.2)2
(4) Head loss from CHS Gauge 012 to GLP Tailrace: A single
relationship is applicable to all months to determine tailwater
elevation. This is shown in Figure E-6. The equation for tailwater
elevation as determined by Acres Consulting Services is:
FT = EL012 + 1.2394 x 10‘11 x 9C2 (590.551-EL012)l-39
where FT tailwater elevation in feet, and EL012 is
determined from equations described above.
(5) Head is calculated as forebay level (FH) minus tailwaterlevel
(FT), each of which is defined above.
Plant Output Determination: The total plant output-discharge-head
relationship shown on Figure E—7, for the new
GLPplant was derived by
Ontario Hydro from an expected performance curve supplied by Acres
Consulting Service Ltd.
This relationship was at a rated head of
19.69 feet and was expanded by Ontario Hydro to cover the head range from
16 to 22 feet.
Fbr combinations of head and Canadian Diversion Qc
below the best efficiency less 1 percent line, values of MW are computed
from the following equation:
MW
= 0.072691 x QC H
where MW = power in megawatts,
H = head in feet, and
0.072691
=
economy
factor
per
foot
of
head.
(from
best
efficiency
less
1
percent
line)
For
values
of
head
and
QC
between
the
best
efficiency
less
1
percent
line and the maximum output line Figure E-7 is used to determine power.
For
values
of
head
and
QC
greater
than
the
maximum
output
line,
a
E - l3
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va
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e
of
di
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rg
e
Qa
is
de
te
rm
in
ed
by
in
cr
em
en
ta
ll
y
re
du
ci
ng
QC
an
d
re
ca
lc
ul
at
in
g
he
ad
un
ti
l
Qc
an
d
he
ad
in
te
rs
ec
t
on
th
e
ma
xi
mu
m
output line in Figure E-7.
2.3.2 United States Plants
Hea
d
Det
erm
ina
tio
n:
The
hea
d a
vai
lab
le
at
eac
h
pla
nt
was
det
erm
ine
d
as
the
dif
fer
enc
e
in
ele
vat
ion
bet
wee
n t
he
two
lak
es,
les
s
the
los
s
fro
m
La
ke
Su
pe
ri
or
to
th
e
pl
an
t
fo
re
ba
y,
an
d
th
e
lo
ss
fr
om
th
e
pl
an
t
ta
il
wa
te
r
to
La
ke
Hur
on
.
Th
e
re
la
ti
on
sh
ip
s
em
pl
oy
ed
we
re
as
fo
ll
ow
s:
(1)
Hea
d
los
s
fro
m L
ake
Sup
eri
or
to
Sou
thw
est
Pie
r
Gau
ge,
loc
ate
d
in
the
pro
xim
ity
of
the
ent
ran
ce
to
the
Edi
son
Sau
lt
Ele
ctr
ic
Com
pan
y
Pow
er
Canal:
He
ad
lo
ss
0.
00
37
14
3
Q0
x
10
'3
-
0.
06
57
2
wh
er
e
Qo
La
ke
Su
pe
ri
or
mo
nt
hl
y
me
an
ou
tf
lo
w
in
cfs
.
(2)
Hea
d l
oss
fro
m U
.S.
Sli
p G
aug
e
(US
S),
loc
ate
d n
ear
the
tai
lra
ce
for the Edison Sault plant, to Lake Huron:
Open Water:
Hea
d l
oss
(Q/
1.6
05)
2-5
/(U
ss-
567
.29
)3-
75
+ 0
.09
Ice Period:
(Q/l.93)5/(USS-569.56)7'5 + 0.09
Head Loss
(3
)
He
ad
lo
ss
,
in
fe
et
,
in
th
e
Ed
is
on
Sa
ul
t
Po
we
r
Ca
na
l
is
co
mp
ut
ed
as
fo
ll
ow
s:
(N
ot
e:
Th
e
ma
xi
mu
m
al
lo
wa
bl
e
he
ad
lo
ss
is
li
mi
te
d
to
3.
5
fe
et
by
th
e
po
we
r
co
mp
an
y
to
ke
ep
ex
ce
ss
iv
e
ve
lo
ci
ti
es
fr
om
da
ma
gi
ng
the canal walls)
He
ad
lo
ss
=
27
.8
00
QS
2°
6/
(S
WP
-5
68
.9
7)
5'
2
where: QS = canal flow in 1000 cfs,
SW
P
=
wa
te
r
su
rf
ac
e
el
ev
at
io
n
at
th
e
So
ut
hw
es
t
Pi
er
Ga
ug
e
in
feet.
(4)
Th
e
Ed
is
on
Sa
ul
t
Pl
an
t
ta
il
ra
ce
el
ev
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io
n
is
as
su
me
d
to
be
lo
we
r
th
an
th
e
wa
te
r
su
rf
ac
e
el
ev
at
io
n
at
US
S
by
a
co
ns
ta
nt
0.2
fe
et
.
(5)
Fo
r
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e
U.S
.
Go
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nt
pl
an
t,
th
e
he
ad
lo
ss
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ts
of
th
e
riv
er
los
s
fro
m
Sou
thw
est
Pie
r
gau
ge
to
the
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 the river losses and the river flows have beenestablished but theyare
very small inmagnitude compared to the overall head.
The variations in
these small losses have insignificant effect on the evaluation of the
various regulation plans. For the purposes of the present evaluations,
the head loss between SWP and USS were assumed constant at 0.6 feet.
Plant Output Determination:
The plant output equations for each of the
United States plants are as follows:
(a)
Power output by U.S. Government plant:
P = 1055 H — 2890
for values of H of 21.5 or less
p = 4280 H — 75H2 - 37,560
for values of H of 21.5 or more
where P is a power output in kW for an assumed constant plant
water use of 12,700 cfs and H is the net head on the plant in
feet.
(b)
Where Pa, Pb, and Pc
Power output by Edison Sault plant
Pa = 0.701 (82H - 220 + (89.5H - 39)Q)
when Q is less than 18.16 + 0.59H
Pb = pa - 103 (Q — 18.16 - 0.59H)l-6
when Q exceeds 18.16 + 0.59H
pa = pb - 70.1 (Q - 20.16 - 0.59H)1-6
when Q exceeds 20.16 + 0.59H and H exceeds 17
= power outputs in kW,
plant water use in 1000 cfs, and
net head on the plants in feet.
Q
H
H
E - l7
 Section 3
NIAGARA RIVER POWER PLANTS
3.1 General Description
Th
e
ou
tf
lo
w
fr
om
La
ke
Er
ie
wh
ic
h
is
ut
il
iz
ed
fo
r
po
we
r
is
di
ve
rt
ed
to
th
e
va
ri
ou
s
hy
dr
oe
le
ct
ri
c
pl
an
ts
by
me
an
s
of
th
e
We
ll
an
d
Ca
na
l
an
d
by
se
ve
ra
l
st
ru
ct
ur
es
fr
om
th
e
Ni
ag
ar
a
Ri
ve
r
at
th
e
Ch
ip
pa
wa
-G
ra
ss
Is
la
nd
Po
ol
ab
ou
t
a
mi
le
ab
ov
e
Ni
ag
ar
a
Fa
ll
s.
Pl
an
ts
in
Ca
na
da
ar
e
se
rv
ed
fr
om
bo
th
so
ur
ce
s,
wh
er
ea
s
in
th
e
Un
it
ed
St
at
es
di
ve
rs
io
n
is
to
ta
ll
y
fr
om
th
e
Ni
ag
ar
a
Ri
ve
r
at
th
e
Ch
ip
pa
wa
-G
ra
ss
Is
la
nd
Po
ol
.
Fi
gu
re
E-
8
is
a
ge
ne
ra
l
lo
ca
ti
on
pl
an
of
th
e
Ni
ag
ar
a
Ri
ve
r
an
d
Fi
gu
re
E-
9
Sh
ow
s
th
e
de
ta
il
lo
ca
ti
on
of
di
ve
rs
io
n
st
ru
ct
ur
es
an
d
hy
dr
oe
le
ct
ri
c
po
we
r
pl
an
ts
at
Niagara Falls.
3.1.1 Canadian Plants
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3.1.2 United States Plants
The existing United States hydroelectric plants are the Robert Moses
Niagara Power Plant and the Iewiston Pumping-Generating Plant.
These
plants have 13 and 12 units, respectively, with rated heads of 300 and
85 feet.
Installed capacities of these plants are 1950 megawatts and
240 megawatts respectively.
Both plants are owned and operated by the
Power Authority of the State of New York.
3.2 Methodology for Determining Energy and Peak Capacity Output
This section presents the assumptions and methods developed by Ontario
Hydro and the Power Authority of the State of New York for computing
energy and peak capacity outputs obtainable from Canadian and United
States hydroelectric power plants in the Niagara area.
These methods are
used to compute the outputs which would be available from existing
facilities with basis-of-comparison Lake Erie levels and outflows and
Lake Ontario levels, and the outputs which would be available from these
same facilities with levels and outflows which result from the various
regulation plans.
3.2.1 Assumptions
(1) For any Lake Erie outflow the diversion entitlements for Canada
and the United States would be determined from the equations given in
Subsection 3.2.3(3).
(2)
The order of priority for Canadian plants diversion usage is as
follows:
DeCew,
Sir Adam
Beck
(SAB)
Nbs.
l and
2 ,and the
pumping-generating station (PGS), Ontario Power (OP) and Canadian Niagara
Power (CNP).
(3) The Niagara Falls flow requirements as set forth in the
International Niagara Treaty of 1950 would be complied with; that is,
flows of not less than 100,000 cfs over the Falls between the hours of
8:00 am and 10:00 pm from April 1 through September 15 and between the
hours of 8:00 am and 8:00 pm from September 16 through
October 31, (EST
or EDT whichever is in effect in either country at Niagara Falls).
The
minimum flow over the Falls at any other time would be 50,000 cfs.
(4)
In addition
to
the
Falls
flow requirements
set forth above,
an
additional
600
cfs
cushion
will
be
provided
at
all
times
as
per
present
operating
practice.
Cushion
flow
is
excess
flow
dispatched
to
the
Falls
to
ensure
that
the
minimum
Falls
flow,
requirements
are
complied
with.
(5)
The
operating
hours
for
the
three
alternative
control
structures,
(25N,
158,
and
6L)
would
be
those
shown
in
Table
E-2
(as
recommended
by
the
Regulatory
Works
Subcommittee).
The
operating
hours
for
the
Black
Rock
Canal
schemes
are
constrained
by
commercial
navigation,
recreational
boating,
and
lock
maintenance.
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(6)
The elevation of the Chippawa-Grass Island pool would be
operated within certain tolerances to maintain the long-term mean
elevation of 561.0 IGLD as directed by the International Niagara Board of
Control by letter to the Power Entities dated February 27, 1973.
Table E-2
Lake
Erie
Regulation
Schemes
- Operating
Hours
 
Regulation Scheme
Month
ggerating Hours
Niagara River Structure
Plan 25N
All months
24
Black Rock Canal
Plan 158
Mid Apr - May
20:00 - 8:00
June - August 24:00 - 8:00
Sept - Mid Dec 20:00 - 8:00
Mid Dec - Mid Apr 24
Plan 6L
Mid Apr
- Mid Mar
Same
as
'8'
Mid Mar - Mid Apr 0
3.2.2 Basic Data
Except as noted below, the basic data used in these computations were
developed by the Regulation Subcommittee and are given in Appendix A -
Lake Regulation, Vblume 2. Coordinated Basic Data.
(1)
Mean monthly basis-of-comparison Lake Erie outflows and levels
and corresponding Lake Ontario levels resulting from Plan l958-D with
discretionary deviations (1900-1976).
(2)
Mean monthly Lake Erie outflows and levels resulting from Plans
25N,
lSS, 6L and corresponding Lake Ontario levels resulting from
Categories 1, 2 and 3 regulation alternatives as described in Section 1.3.
(3)
Niagara River monthly mean local inflows, given in the report on
Lake Erie Outflows 1860 to 1964, dated June 1965, by the Coordinating
Committee on Great Lakes Basic Hydraulic and Hydrologic Data.
(4) Head losses and diversion capabilitiesfor the water supply
tunnels and canals as determined by actual field tests.
(5) Diversion capabilities, and power output - flow relationships
for each generating station as determined from field tests augmented by
operating experience.
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 3.2.3 Derived Data
Depending on the regulation plan being evaluated,
adjustments were made
to the data as follows:
(1)
Within the
day variation of
Lake
Erie
Outflow:
Under regulation
Plans
158
and
6L,
Lake
Erie
outflow
would
be
increased
by
15,300
and
6,800 cfs,
respectively,
during the daily operating hours listed in
Table
E-2 for those months
when
the supply
to
the
upper
lakes
is above
normal.
For regulation purposes, each increase was computed as a 24 hour
daily mean
and
applied on
a monthly
basis.
To evaluate
the
effect of
the
flow increase on power production,
it was necessary to determine from the
monthly mean
Lake
Erie
outflow,
the
daytime
and nighttime
values
coinciding with the
daily operating hours
of the regulation
structure
and
to adjust
them to
reflect the
Treaty
hours
since
these do
not exactly
correspond to the hours defined in Table E-2.
In order to make the
necessary
adjustments,
a base outflow
was
determined
from the following
equation:
Lake Erie Base Flow (1,000 cfs)
=
3.665
(Lake
Erie
level
-
556.25)1'5
—
RlN(K)
+
7
where:
RlN(K) is the ice
and weed
retardation
for the Niagara
River
for
the
month
K,
and
the
figure
"7"
refers
to
Welland
Canal
flow
(7,000 cfs).
The
values
of
RlN
for
any
month
K
are
as
follows:
Month
‘Blﬁ
Month
‘Blﬂ
January 4.0 July 5.1
February 4.7 August 3.9
March
3.4
September
2.6
April
4.9
October
1.6
May
0.0
November
0.4
June
1.5
December
0.0
By
inputting
any
particular
monthly
mean
Lake
Erie
level
into
the
above
equation,
the
Lake
Erie base
flow before
adjustment
can be determined.
If
the
base
flow
equals
the
flow
given
by
the
data
set,
then
the
trigger
is
not
operating,
and
no
further
adjustment
is
made.
If
the
base
flow
is
less
than
the
given
flow,
then
the
trigger
is
operating
and
the
base
flow
is
increased
by
values
adjusted
for
daytime
and
nighttime,
which
are
calculated
to
reflect
the
Treaty
hours
of
operation
and
the
15,300
cfs
or
6,800
cfs
increase
called
for
by
plan
155
or
6L
respectively.
The
following
equation
was
used
to
adjust
the
Lake
Erie
Base
Flow
when
the
trigger was operating:
Lake
Erie
Outflow
(treaty
hours)
=
Base
Flow
+
Q
increase
(K)
where
Q
increase
for
month
K
is
shown
in
Table
E-3.
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Table E-3
Within The Day variation Of Lake Erie Outflow
 
Increase (cfs) Increase (cfs)
Month _' 15$ 6L Month __ 15$ 6L
Jan D 15300 6800 July D 0 0
N 15300 6800 N 12240 5440
Feb D 15300 6800 Aug D 0 0
N 15300 6800 N 12240 5440
Mar D 15300 3400 Sept D 0 0
N 15300 3400 N 16690 7418
Apr D 7650 0 Oct D o o
N 16830 4080 N 15300 6800
May D 0 0 Nov D 0 0
N 18360 8160 N 22950 10200
June D 0 0 Dec D 7650 3400
N 12240 5440 N 19125 8500
(2) Lake Erie outflow available for power and Falls flow: Lake Erie
outflows available for power and Falls flow were derivedby subtracting
from Lake Erie Base Flow, the Welland Ship Canal and New York State Barge
Canal 1985 navigation requirements, adjusting for the effect of the
Welland Ship Canal flow variations on the Niagara River flow and adding
Niagara River localinflow. These adjustments are summarized in Table
E-4.
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Table E-4
Adjustment To Lake Erie Outflow
 
Effect Niagara River
Welland NY State of WSC Local Net
Ship Canal
Barge Canal
variation
Inflow
Adjustment
Jan
0
0
+ 1,800
1,300
3,100
Ebb
0
0
+ 1,500
1,300
2,800
Mar
500
0
+
800
3,200
3,500
Apr
2,100
700
-
800
3,300
-
300
May
3,300
1,100
- 1,300
1,600
- 4,100
June
3,200
1,100
- 1,000
800
- 4,500
July
3,100
1,100
-
700
500
- 4,400
Aug
3,100
1,100
-
600
300
- 4,500
Sept
3,000
1,100
-
400
300
- 4,200
Oct
3,100
1,100
-
400
500
— 4,100
Nov
3,000
1,100
-
200
900
- 3,400
Dec
900
300
+ 1,300
1,100
+ 1,200
The sources of adjustments in Table E-4 are as follows:
(a)
The monthly and half-monthly Welland Ship Canal (WSC) and
New
York
State
Barge
Canal
Flows for
the projected
1985
navigation
requirements-
(b) Adjustments for the effect on Niagara River flowsof
monthly variations in Welland Canal navigation flows, developed by
Ontario Hydro.
(c) The Niagara River monthly mean local inflows, given in the
Coordinating Committee Report on Lake Erie Outflows, 1860-1964.
(3) The diversion entitlements for Canada and the United States for
power generation for any Lake Erie outflow are based on Article III,
Niagara Diversion Treaty, 1950.
Canadian
entitlement =
1/2
(adjusted Lake Erie
outflow
- Falls
flow
+ 5,000)
U.S.
entitlement
=
1/2
(adjusted
Lake
Erie
outflow
-
Falls
flow
- 5,000)
(4)
Daytime
and
nighttime
diversion
variation
due
to
tourist
season
ponding:
Adjustment
is
made
to
the
daytime
and
nighttime
Canadian
flow
diversion
due
to
the
effect
of
ponding
water
in
the
Chippawa-Grass
Island
Pool
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ila
ble
to
Can
ada
min
us
the
DeC
ew
div
ers
ion
or
the
max
imu
m
div
ert
ing
cap
aci
ty
of
the
Bec
k
tun
nel
s
and
can
als
at
a f
ore
bay
lev
el
of
540
.0
and
Chi
ppa
wa-
Gra
ss
Isl
and
Poo
l
lev
el
of
561
.0,
whi
che
ver
is
les
s.
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(6) The diversion capacity which varies with the season due to
equatic weed retardation, is determined from one of the three unit-fall
relationships shown on Figure E-ll.
(7) If the water available is less than the full diverting capacity,
then the forebay elevation will be greater than 540.0 and is computed by
an iterative procedure from the unit-fall relationships.
(8) The SAB tailwater level was computed for each month from the
graphs on Figure E-12 showing the relationship between SAB tailwater
level, Lake Ontario level, and Niagara River flow at Queenston.
(9) The gross head is computed as the difference between the
headwater level computed as described in (7) and the tailwater level
computed as described in (8).
(10) The average energy output from the SAB plants 1 and 2 was
computed from the diversion flow described in (5) and (6), and the
economy factor (kW/cfs) based on the head computed in (9).
_ head (H)
_ . W
EF at head (H) 291 x 22 0 k /cfs
(11) The diversion available to the OP plant is the Canadian
entitlement less DeCew, and the SAB plants, up toa capacity of
8,300 cfs. Output from the OP plant is computed from the available
diversion at 12.6 kW/cfs.
(12) The remaining flow available to Canada after loading the OP
plant is used at the CNP plant to a maximum capacity of 9,900 cfs. Based
on operating experience, during tourist nights and the non-tourist season
(50,600 cfs over the Falls) 1 cfs is diverted to CNP for every 2 cfs
available. During the ice cover months of January, February and March,
the maximum usable flow at CNP is assumed to be 1,000 cfs. The power at
CNP is computed from the diverted flow at 7.6 kW/cfs.
(13) Tbtal energy output (treaty hours) from the Niagara River plants
in average MW is the sum of the individual outputs computed in (4), (10),
(11) and (12) for tourist season days (TSD), tourist season nights (TSN)
and the non-tourist season (NTS).
(14) Total daily energy output (operating hours) in MW hours is
computed as follows:
daytime energy Apr to Aug = TSD x 14 hrs + TSN x 2 hrs
Sept — TSD x 13 hrs + TSN x 3 hrs
Oct = TSD x 12 hrs + TSN x 4 hrs
Nov to Mar = NTS x 16 hrs
nighttime energy Apr to Oct = TSN x 8 hrs
Nov to Mar = NTS x 8 hrs
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(15) An adjustment for PGS operation was made which resulted in a
gain in total daytime energy and loss in total nighttime energy. These
gains and losses, related to Niagara River flow, are shown on Figure
E-l3. It is assumed that the PGS storage reservoir is filled each night
and the water fully utilized during the following day.
(16) Monthly energy in MW hours is computed as the daily energy from
(15) x the number of days in each month.
3.2.5 Peak Output Computations for Canadian Plants
The peak output from the Canadian plants is related to the monthly mean
daytime diversion. These relationships for the DeCew, SAB l and 2, and
PGS, OP, and CNP plants are shown on Figures E-l4, 15, 16 and 17.
3.2.6 Energy Output Computations for United States Plants
The effect on energy production resulting from a regulation plan are
derived by comparing the total energy output of a base condition with the
total energy obtainable from a specific regulation plan. Interest is
focused onthe change in value of energy accompanying a regulation plan
rather than upon the absolute value of the total output.
The replacement cost of energy for each of the regulation plans is based
on the New YOrk waer P001 (NYPP) actual decremental costs experienced
during intersystem energy transactions and is essentially the replacement
cost of energy derived from oil fired units in the NYPP.
(1) For each calendar month, the total energy outputs in average MW
are examined.
(2)
The U.S.
entitlement
is determined in
accordance with the
Niagara Treaty and Chippewa-Grass Island Pbol directives.
(3)
The waterways head loss between Chippawa-Grass Island Pool and
the forebay canal is computed from the relationship:
Hf = QZ/K
Where Hf = friction head loss in feet,
Q
= PASNY
diversion
rate
expressed
in
thousands
of
cfs,
and
K
=
waterways
roughness
factor
which
varies
month
by
month
as
indicated by several years of hourly operating measurements.
(4)
The
canal
forebay
level
is
computed
as
the
Chippawa-Grass
Island
Pool level less waterways head loss.
(5)
A
Moses
plant
tailrace
elevation
of
250.0
is
assumed.
This
provides
a gross
head
on the Moses
plant
equal to the
difference
between
the forebay level described in item (4) and 250.0.
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(6)
The
Mos
es
ene
rgy
out
put
s a
re
com
put
ed
fro
m t
he
div
ers
ion
to
Mos
es,
in
ite
m (
2)
and
gro
ss
hea
d,
ite
m (
5),
usi
ng
the
tur
bin
e-g
ene
rat
or
output characteristics.
(7) The maximum amount of water that can be discharged through a
Mose
s pl
ant
unit
for
high
head
is c
ontr
olle
d by
the
maxi
mum
perm
issi
ble
generator output which is considered to be 175 MW. For gross heads less
than 304 feet, the maximum unit discharge is controlled by the full gate
flow
. T
he c
anal
fore
bay
elev
atio
n is
assu
med
to b
e li
mite
d to
a mi
nimu
m
of 540.0.
(8)
Thi
rte
en
Mos
es
pla
nt
uni
ts
are
ass
ume
d t
o b
e a
vai
lab
le
eac
h
mont
h, e
xcep
t du
ring
Apri
l, M
ay,
Sept
embe
r an
d Oc
tobe
r wh
en o
nly
twel
ve
units were assumed to be available to allow for maintenance.
(9) The maximum diversion to the Moses plant is the flow thatwould
load the available Moses units to 175 MW or to full gate discharge or
produce a canal forebay level of 540.0, whichever is the least.
(10)
The
pre
ced
ing
par
ame
ter
s g
ene
ral
ly
def
ine
the
con
str
ain
ts
of
the
U.S. Niagara plant to divert Niagara flows for power production.
Essentially, the U.S. Niagara plant has the capability to divert about
100,000 cfs or about 85,000 cfs during peaking hours.
Based on the regulation plans studied, the effect of changes to Lake Erie
outflows would be limited or minor. Within this context it is possible
for the U.S. Niagara plant to divert its entitlement for virtually the
entire range of flows for the basis-of-comparison and for the plans under
study. For only up to about four percent of the flows during four or
five of the summer months, could the entire entitlement not be taken.
Therefore, it is convenient to calculate the difference in wastage
between the basis-of-comparison and the plan under study, and evaluate
the difference in terms of energy lost at the rate of 22 kWh for each
cfsh wastage. It should be noted that the plant efficiency is
essentially 22 kW/cfs throughout the range of flows underdiscussion.
3.2.7 Peak Output Computations for United States Plants
The peak output, or capacity available from the existing Moses plant and
the Iewiston pump generating plant depends on the net head and flows
available. The pumped storage reservoir requires sufficient waterto
refill it for each pump-generating cycle.
The assessment of any regulation plan is determined by comparing that
plan to the basis-of-comparison. Changes in flows in the plans under
study are small compared to the basis-of-comparison. The majority of
changed flows occur during the higher lake levels and outflows, when
available capacity is unaffected. It is only during the lower range of
flows that any changes to flows would affect capacity from the hydro
plants.
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 The effect of regulation would be to change the flow duration available
for power diversion. The method of computing the peak capacity at U.S.
Niagara plant is described in the following paragraphs.
(1) Chippawa-Grass Island Pool inflow durations for each calendar
month for the basis-of-comparison and each regulation plan are derived
from the monthly data described in Subsection 3.2.2. (1) and (2).
(2) The diversion available to the United States for any given
Chippawa-Grass Island Pool inflow is computed. The percent of time each
diversion would be available is developed from the Chippawa-Grass Island
Pool inflow duration data.
(3) Maximum Niagara Power Project output is reached when all
available Lewiston Pumped Generating units are operated as generators at
maximum output. For critical power system conditions, the pump
generators would be used to help carry the daily peak load even if this
mea
nt
div
ert
ing
les
s w
ate
r f
rom
the
Nia
gar
a R
ive
r t
han
the
U.S.
entitlement at the time. For peak loads of one or two hours duration,
oper
atin
g ex
peri
ence
has
show
n th
at i
t is
usua
lly
poss
ible
to s
tore
such
unus
ed w
ater
temp
orar
ily
in t
he C
hipp
awa-
Gras
s I
slan
d Po
ol.
For
very
low
flow conditions, the maximum power output is limited by the amount of
water which can be diverted from the Niagara River.
(4)
The
amo
unt
of
wat
er
whi
ch
can
be
wit
hdr
awn
fro
m t
he
pump
ed-s
tora
ge r
eser
voir
and
the
amou
nt o
f po
wer
whic
h ca
n be
gene
rate
d
at
the
pum
p-g
ene
rat
ing
pla
nt,
dep
end
s u
pon
the
wat
er
lev
el
pre
vai
lin
g i
n
the
res
erv
oir
.
A r
evi
ew
of
ope
rat
ing
rec
ord
s i
ndi
cat
es
the
sui
tab
ili
ty
of the following reservoir level-probability relationship:
 
Rese
rvoi
r Wa
ter
Prob
abil
ity
of B
eing
at T
abul
ated
Elev
atio
n
Surface Elevation at Time of System Daily Peak Load
650.0 47 percent
645.0 31 percent
640.0 15 percent
635
.0
7 p
erc
ent
(5)
It
is
est
abl
ish
ed
ele
ctr
ic
uti
lit
y p
rac
tic
e t
o p
rov
ide
per
iod
ic
and
sys
tem
ati
c
pre
ven
tiv
ema
int
ena
nce
for
all
gen
era
tin
g u
nit
s.
The
per
cen
t o
f t
ime
eac
h o
f t
he
25
uni
ts
at
Nia
gar
a w
oul
d b
e o
ut
of
ser
vic
e
for
mai
nte
nan
ce
dep
end
s
upo
n t
he
mai
nte
nan
ce
int
erv
al,
the
num
ber
of
shi
fts
wor
ked
by
mai
nte
nan
ce
per
son
nel
,
and
the
num
ber
of
shi
fts
req
uir
ed
per
uni
t t
o p
erf
orm
the
nec
ess
ary
work
.
Pre
sen
t p
rac
tic
e i
s b
i-a
nnu
al
mai
nte
nan
ce
at
the
Lew
ist
on
Pla
nt
and
a 3
6-m
ont
h i
nte
rva
l a
t t
he
Mos
es
Plan
t.
The
Lewi
ston
unit
s ar
e no
rmal
ly m
aint
aine
d du
ring
the
non-
tour
ist
sea
SOn
,
whi
le
the
Mos
es
uni
ts
are
mai
nta
ine
d
dur
ing
the
tou
ris
t
sea
son
wh
en
av
er
ag
e
fl
ow
s
av
ai
la
bl
e
fo
r
di
ve
rs
io
n
ar
e
low
.
(6)
Th
e
di
sc
ha
rg
e
fr
om
th
e
Ie
wi
st
on
pl
an
t
is
ad
de
d
to
di
ve
rs
io
ns
av
ai
la
bl
e
fr
om
th
e
ri
ver
.
Th
is
is
th
e
ma
xi
mu
m
am
ou
nt
of
wa
te
r
av
ai
la
bl
e
for
the
Mos
es
pla
nt
and
may
be
mor
e t
han
can
be
use
d b
y t
he
pla
nt.
If
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 the diversion from the river and maximum Iewiston discharge exceed the
flow required for maximum Moses plant generation, the flow to be diverted
from the river is reduced until maximum Moses plant generation is
achieved. If the sum of Lewiston pump storage discharge and flow
available from the river is insufficient to load all Moses units to full
gate discharge, then flow is controlling, and computation is made to
determine the highest output which can be achieved for that flow.
(7) Maximum project capacity is the sum of Moses and Lewiston power
outputS. Fbr each duration of river flow for which there is a loss of
capacity, the change in capacity is computed as described above, and the
percent of time, multiplied by the changed capacity gives the results in
terms of MW months. From these units an equivalent economic value can be
determined.
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 Section 4
MOSES-SAUNDERS (ST. LAWRENCE) POWER PLANTS
4.1 General Description
There are two hydroelectric power plants in the International Section of
the St. Lawrence River: The Robert H. Saunders Generating Station of
Ontario Hydro and the Robert Moses Power Dam of the Power Authority of
the State of New York, which are combined to form a single structure.
The rated head of both plants is 81 feet and each plant has 16 units and
a total installed capacity of 912,000 kW. A general location map of
these plants is shown in Figure E-18.
4.2 Methodology for Determining Energy and Peak Capacity
The peak and energy outputs obtainable from the Saunders plant and Moses
plant were computed monthly (half monthly for April and December) over
the 77-year period January 1900 to December 1976. Monthly or half
monthly energy outputs were divided into daytime (16 hours/day) and
nighttime (eight hours/day) generation. The method of computing the
total daytime and nighttime energy outputs and the total peak outputs
each month or half-month is described in the following subsections.
4.2.1 Assumptions
The assumptions adopted for computing the daytime energy. nighttime
energy, and capacity outputs for any given regulated mean monthly Lake
Ontario outflow and level combination are as follows:
(1) Since the maximum operating efficiencies of the Saunders and
Moses (St. Lawrence) units are essentially the same, the total or
combined energy and peak capacity outputs from both plants were computed
and divided equally betweenthem.
(2) The 1985 non-power flow diversions would consist of the
estimated 1985 navigation requirements, the estimated 1985 Cornwall Canal
requirements, and the Massena Canal requirements, which were assumed to
be the same as those of 1963-66. They are summarized in Table E-5 and
the total is rounded to the nearest 1,000 cfs. The Massena and Cornwall
canals bypass the power dam to supply water for municipal requirements,
and flushing for water quality purposes. The Cornwall municipal
requirement is less than 5 cfs and was neglected in this study.
(3) The navigation season extends from April 1 to December 15.
(4) The daily peaking and weekly ponding test limits authorized by
the International Joint Commission on a test basis are in effect.
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Table E-5
Assumed 1985 Non-Power Flow Diversions
 
Municipal Water
 
Cornwall and Requirements
Month Wiley-Dondero Canals Massena Canal Total
(cfs) (cfs) (cfs)
January 0 30 0
February 0 30 0
March 500 30 1,000
April (1-15) 1,200 30 1,000
(16-30) 2,400 30 2,000
May 2,700 30 3,000
June 2,800 30 3,000
July 2,700 40 3,000
August 2,600 40 3,000
Sept
embe
r
2,60
0
40
3,00
0
October 2,600 40 3,000
Nove
mber
2,70
0
30
3,00
0
Dece
mber
(1-1
5)
1,60
0
30
2,00
0
(16-
31)
A
0
30
0
4.2.2 Basic Data
The
bas
ic
dat
a u
sed
are
Lak
e O
nta
rio
mon
thl
y m
ean
out
flo
ws
and
lev
els
for
th
e
ba
si
s—
of
-c
om
pa
ri
so
n
an
d
ea
ch
re
gu
la
ti
on
pl
an
.
4.2.3 Derived Data
(1)
Ba
ck
wa
te
r
Sl
op
es
fr
om
th
e
Mo
se
s-
Sa
un
de
rs
Fo
re
ba
y
to
La
ke
On
ta
ri
o
for
Cate
gori
es
1 an
d 2:
For
the
open
wate
r se
ason
(Apr
il t
o De
cemb
er)
bac
kwa
ter
slo
pes
wer
e
der
ive
d
fro
m a
uni
t
fal
l
rel
ati
ons
hip
bet
wee
n t
he
Osw
ego
,
New
Ybr
k g
aug
e a
nd
the
for
eba
y,
dev
elo
ped
fro
m o
bse
rve
d l
eve
ls
and
lak
e o
utf
low
s o
ver
the
per
iod
May
195
9 t
o
Jul
y
196
6.
The
bac
kwa
ter
slo
pe
cur
ves
are
sho
wn
on
Fig
ure
E-l
9.
Fbr
the
ice
cov
er
sea
son
(Ja
nua
ry
to
Mar
ch)
the
bac
kwa
ter
slo
pes
wer
e b
ase
d o
n t
he
res
ult
s o
f d
esi
gn
st
ud
ie
s
an
d m
od
el
te
st
s.
Th
ey
ar
e
sh
ow
n
on
Fi
gu
re
E-
20
.
(2)
Bac
kwa
ter
Slo
pes
fro
m M
ose
s-S
aun
der
s
Fbr
eba
y
to
Lak
e
Ont
ari
o f
or
Cat
ego
ry
3:
Und
er
Cat
ego
ry
3 i
t w
oul
d b
e n
ece
ssa
ry
to
pro
vid
e a
ddi
tio
nal
cha
nne
l c
apa
cit
y i
n b
oth
the
Can
adi
an
and
Int
ern
ati
ona
l R
eac
hes
of
the
St.
Law
ren
ce
Riv
er.
In
ord
er
to
eva
lua
te
the
pot
ent
ial
pow
er
gai
n a
t t
he
Mos
es-
Sau
nde
rs
Gen
era
tin
g S
tat
ion
s,
rev
ise
d c
han
nel
los
ses
bet
wee
n L
ake
Ont
ari
o a
nd
the
pow
er
dam
wer
e
req
uir
ed.
The
fol
low
ing
met
hod
and
ass
ump
tio
ns
wer
e
use
d t
o e
sti
mat
e t
he
rev
ise
d b
ack
wat
er
slo
pes
:
 
  
    
CATEGORY 1 8. 2
   
245 4
  
 
 
242
   
241
240
W
A
T
E
R
S
U
R
F
A
C
E
E
L
E
V
A
T
I
O
N
A
T
P
O
W
E
R
H
O
U
S
E
—
I
G
L
D
U
Q
S
S
)
  
 
239 I
246 247 248
WATER SURFACE ELEVATION AT LAKE ONTARIO (OSWEGO)—IGLD(1955)
BACKWATER SLOPES LAKE ONTARIO TO
MOSES—SAUNDERS
POWERHOUSE
OPEN
WATER
CONDITIONS
FIGURE E —~ 19
E—43 ‘
—
—
~
L
_
     
     
.:;..
z
w
J // g/A
///'
  
/////
  
   
1
W
“
/
/
l
I
I
]
,
;
   
//
  
v
r
/
 
  
  
/ ./ ’4! 7.1.4 ,
[.1 ‘fl 1 I j/ I v /
/l [I ,V‘ ' *
 
   
j;/ 3,/ ..-.
’ AI . .4.
/ , / I/‘ '.-'.. £11.“.
I '1 _' I ' 'I
x -? A" 7 7V
. ‘ /~’. .1: [,1’;
H}
/ Mg?
{
f
r
/
1
"
,
“
’/
"
I.
[1/
fl/
x
r
/
' WV
I ’/ 1 ’l I //1_ 1 .I 1/
  
  
W
A
T
E
R
S
U
R
F
A
C
E
E
L
E
V
A
T
I
O
N
A
T
P
O
W
E
R
H
O
U
S
E
—
I
G
L
D
(
1
9
5
5
)
 
,1.
V‘.
I
'7‘
.L
V—w ./ J.' .
1' -’I } .I/
,
-
>
‘1
/
‘
n I I If r [V I r I J I
I
I
7
'
/
g1
.1
."
1H,
/
1
,
.
.
I.
I
11
7:
}
J.
.
/
'
~
—
/"
x.
.
.
:
-
.‘.
.f
,
_
v
:
.
'
’
/
r
’
r,
1
V
r
  
’ : , f ,
/
“I
a
i
.
I I
f
1/ I ‘ l‘ j' I /
I!
'
1/,
I”
'
I
! f 1' - I
/, ,1 V ._ A .___ 1mm“... ., a“, , . V
I” > -
2 3
  
244
, FIGURE E —- 20
246 a I “2—47
WAT
ER
SUR
FAC
E E
LEV
ATI
ON
AT
LAK
E O
NTA
RIO
— I
GLD
(19
55)
BACKWATER SLOPES LAKE ONTARIO TO
MO
SE
S—
SA
UN
DE
RS
PO
WE
RH
OU
SE
ICE
CO
VE
R C
ON
DI
TI
ON
(a)
 
Open water Conditions
The original channel enlargements were designed to satisfy the
critical profile under Regulation Plan 12-A-9. Under this plan
the minimum forebay elevation occurred with a Lake Ontario level
of 244.33 feet and a discharge of 296,000 cfS. To satisfy the
various criteria under the adjusted basis-of-comparison and Plan
6L an additional capacity of 4,000 cfs is required, under Plan
25N an additional 5,000 cfs is necessary, and under Plan 155 an
additional 6,000 cfs is necessary.
The existing open water backwater slopes are based on a straight
line unit fall relationship having the equation:
225.807 +W
Fl/Z
MWS
where MWS = mean water surface elevation
Lake Ontario elev + Moses - Saunders forebay elev
 
2
Q = Lake Ontario outflow in cfs, and
F = fall or head loss between Lake Ontario and the
Moses-Saunders forebay
Assuming the same Lake Ontario and forebay levels and
consequently the same mean water surface elevation,
revised ~§72
F
values were computed for increased flows of:
Adjusted Basis-of-comparison
and Plan 6L 296,000 + 4,000
Plan 25N 296,000 + 5,000
Plan 158 296,000 + 6,000
300,000 cfs
301,000 cfs
302,000 cfs
Revised straight line relationships
points parallel to the present line.
were drawn through these
The
equations
for
the
increased
capacities
are:
Adjusted Basis-of-comparison
0.13652 Q x 10'3
Fl/Z
and Plan 6L MWS 225.605 +
I
I
0.13652 Q x 10—3
Fl/Z
Plan 25N
§ 225.555 +
0.13652 Q x 10-3
Fl/Z
Plan 158
5
225.505 =
E - 45
 
 The Moses-Saunders headwater levels were then computed based on
these equations and the respective Lake Ontario levels and
outflows.
(b)Ice Cover Conditions:
 
As the present St. Lawrence River backwater slopes for the ice
cover period are not based on a single unit fall relationship it
was not possible to use the same approach as used for the open
water condition. In order to arrive at an approximate change in
relationship it was decided to use a percentage adjustment to
the present slopes.
The following percentages were applied:
Adjusted Basis-of-Comparison
and Plan 6L (4,000/296,000) x 100 = 1.35 percent
Plan 25N (5,000/296,000) x 100 = 1.69 percent
Plan 158 (6,000/296,000) x 100 = 2.03 percent
The forebay elevations were then computed for any given Lake
Ontario level and outflow by; reducing the discharge by the
respective percentage; determining the forebay level based on
the existing relationship with the given Lake Ontario level and
the calculated reduced flow; using the computed forebay level
with the original given outflow to calculate the power output.
It is considered that this approach gives the best approximation
of revised conditions, taking into account that actual ice cover
losses vary significantly from year to year and in fact from
week to week.
(3) Tailwater Stage-Discharge Relations: These relationships have
been derived for both open water and ice cover seasons from mean daily
records of the Saunders and Moses tailwater elevations (averaged) and
total plant discharge over the period June 1961 to September 1966. They
are shown on Figure E-21.
(4) Moses—Saunders Total Power-Discharge-Head Relationships: For
the maximum efficiency operating range (total plant discharges of less
than about 280,000 cfs) a relationships between the average economy
factor of the two plants and gross head was derived from unit
performances actually attained in normal operation. This relation is
shown on Figure E-22. For the operating range beyond best efficiency
(total plant discharges greater than about 280,000 cfs), a family of
curves relating total plant output to discharge for a range of gross
heads between 74 and 88 feet was derived from unit ratingtables. These
curves are shown in Figure E-23. If the calculated discharge for a given
gross head exceeds the maximum output line shown in Figure E-23, the
E - 46
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 output is determined, for the given gross head, from the maximum output
line
4.2.4 Determination of Energy and Peak Outputs
(1) The Moses—Saunders forebay elevation, applicable to both daytime
and nighttime energy and to peak, was determined from backwater slope
curves relating Lake Ontario level and outflow to forebay level. The
Lake Ontario levels and outflows used in the determinations were the
regulated mean monthly values given in the basic data. The forebay level
was limited to a maximum elevation of 242.0 feet and a minimum elevation
of 234.0 feet.
(2) The total plant discharge for peak output detennination was
computed as the lake Ontario regulated mean monthly or outflow, less the
estimated 1985 non-power flow diversions, plus 30,000 cfs up toa total
of 280,000 cfs during the navigation season (April second half to
December first half) or plus 38,000 cfs up to a total of 280,000 cfs
during the non-navigation season (December second half to April first
half).
(3) The total plant discharges for daytime and nighttime energy
determinations were computed as the Lake Ontario regulated outflows less
the estimated 1985 non-power flow diversions, plus 15,000 cfs during the
daytime or minus 30,000 cfs during the nighttime up to a total of
280,000 cfs. The effect of weekly ponding upon energy production during
the non-navigation season was ignored because it was not considered to be
significant. In all cases, if the monthly flows exceed 280,000 cfs no
additional discharge is added.
(4)
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; o
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 plant
discharge
and
gross
head.
These
outputs
were
multiplied
by
the
number
of
hours
in
the
month
or
half-month
that
daytime
or
nighttime
energy
is
produced
(day
-
16
hours
x
number
of
day5,
night
-
8
hours
x
number
of
days)
and
the
resultant
values
divided
by
two
to
give
the
daytime
energy
and
the
nighttime
energy
in
MWh
generated
by
the
Saunders
plant or the Moses plant.
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 Section 5
BEAUHARNOIS-LES CEDRES (ST. LAWRENCE) POWER PLANTS
5.1 General Description
The Beauharnois-Les Cedres developments are in Quebec, in the Soulanges
section of the St. Iawrence River. This section of the River comprises
the 15-mile stretch between Lake St. Francis and Lake St. Louis in which
there is a total drop of 82 feet.
To harness the energy of the water in this turbulent reach, control dams
were constructed at the exit fromLake St. Francis to allow the flow to
be diverted from the natural channel into the Beauharnois Canal excavated
on the south shore. After passing through the Beauharnois Canal and the
80-foot drop at the Beauharnois Powerhouse, situated at the outlet end of
the canal, the water is discharged into Lake St. Iouis. Figure E-24
shows the relationship of the canal to the St. Lawrence River.
The Beauharnois Canal is 15 miles long and 3,300 feet wide, and the
average depth is more than 30 feet. The navigation channel which is 600
feet wide and has a minimum depth of 27 feet is located along the left
bank of the canal. Two locks permit navigation to passfrom the canal to
lake St. Louis.
It was planned to construct the Beauharnois powerhouse in three stages to
keep pace with growing demand on the electrical system. Designed to have
a capacity of 538,400 kilowatts from 14 generating units, the first stage
rapidly took form and by the end of 1932, four units and two auxiliary
uni
ts
wer
e i
n s
erv
ice
.
On
Aug
ust
25,
195
1 t
he
fir
st
uni
ts
of
the
sec
ond
sta
ge
wer
e b
rou
ght
int
o s
erv
ice
and
all
12
uni
ts
wer
e i
n o
per
ati
on
by
the
end
of
195
3 t
o b
rin
g t
ota
l c
apa
cit
y a
t B
eau
har
noi
s t
o 1
,02
1,7
60
kil
owa
tts
.
The
fir
st
gen
era
tin
g u
nit
of
Bea
uha
rno
is
3 c
ame
int
o s
erv
ice
in
Jun
e 1
959
, w
ith
the
las
t u
nit
ins
tal
led
in
ear
ly
1961
.
The
Bea
uha
rno
is
pow
erh
ous
e n
ow
has
36
tur
bin
es
for
a t
ota
l c
apa
cit
y o
f
1,5
74,
000
kil
owa
tts
, e
xcl
udi
ng
the
two
aux
ili
ary
uni
ts.
The
Les
Ced
res
Gen
era
tin
g S
tat
ion
whi
ch
is
loc
ate
d i
n t
he
nat
ura
l c
han
nel
of
the
Sou
lan
ge
sec
tio
n c
ame
int
o s
erv
ice
in
1914
, w
ith
a c
apa
cit
y o
f
81,
000
kil
owa
tts
fro
m n
ine
uni
ts.
Oth
er
uni
ts
wer
e a
dde
d a
s r
equ
ire
d
unt
il
the
pla
nt
rea
che
d i
ts
pre
sen
t c
apa
cit
y o
f 1
62,
000
kil
owa
tts
fro
m 1
8
unit
s in
1924
. A
t th
at t
ime,
it w
as t
he l
arge
st h
ydro
elec
tric
gene
rati
ng
station in the world.
5.2 Methodology for Determining Energy Output at Beauharnois-Les Cedres
Power Plants
The
fol
low
ing
ass
ump
tio
ns,
dat
a a
nd
com
put
ati
on
met
hod
wer
e u
sed
in
the
det
erm
ina
tio
n o
f t
he
ene
rgy
out
put
at
the
Bea
uha
rno
is-
Les
Ced
res
Pow
er
Plants.
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PLAN OF SOULANGE SECTION OF ST. LAWRENCE RIVER
5.2.1 Assumptions
A minimum flow of 10,000 cfs is a allowed in the Soulanges section of the
St. Iawrence River, for environmental purposes. This gives the Les
Cedres plant a minimum of 10,000 cfs.
 
5.2.2 Basic Data
The basic data comprise (a) the monthly mean outflows from Lake Ontario
and Lake St. Iouis for the basis-of-comparison and each regulation plan
and
are
take
n fr
om A
ppen
dix
A -
Lake
Regu
lati
on,
Volu
me
2, C
oord
inat
ed
Bas
ic
Dat
a;
(b)
the
Cha
tea
ugu
ay
Riv
er
mon
thl
y m
ean
out
flo
ws
fro
m 1
922
to
196
6;
and
(c)
the
dis
cha
rge
of
the
Bea
uha
rno
is
Gen
era
tin
g S
tat
ion
, a
fte
r
1966.
5.2.3 Derived Data
(l)
The
Lake
St.
Fran
cis
loca
l in
flow
is d
eriv
ed o
n a
mont
hly
mean
bas
is
as
fol
low
s:
for
the
per
iod
190
0 t
o 1
922,
the
inf
low
was
est
ima
ted
fro
m a
wat
ers
hed
mod
el;
for
the
per
iod
192
2 t
o 1
966
, t
he
inf
low
was
der
ive
d f
rom
a l
ine
ar
reg
res
sio
n o
f t
he
Riv
er
Cha
tea
ugu
ay
mon
thl
y m
ean
out
flo
ws
(Fi
gur
e E
—25
);
aft
er
196
6 t
he
Lak
e S
t.
Fra
nci
s l
oca
l i
nfl
ow
was
derived from a simplified water budget of the Lake. This method was
con
sid
ere
d s
uff
ici
ent
ly
acc
ura
te,
sin
ce
in
197
5 t
he
tur
bin
e r
ati
ng
of
the
Bea
uha
rno
is
Gen
era
tin
g S
tat
ion
has
bee
n r
evi
sed
and
the
dis
cha
rge
fro
m
thi
s S
tat
ion
has
bee
n c
orr
ect
ed
acc
ord
ing
ly.
(2)
The
Lak
e S
t.
Fra
nci
s m
ont
hly
mea
n o
utf
low
was
obt
ain
ed
by
add
ing
the
Lak
e O
nta
rio
mon
thl
y m
ean
out
flo
w a
nd
the
Lak
e S
t.
Fra
nci
s m
ont
hly
mean local inflow.
(3) The division of the Lake St. Francis outflow between
Bea
uha
rno
is-
Les
Ced
res
, B
eau
har
noi
s n
avi
gat
ion
loc
ks,
and
wat
er
whi
ch
is
una
vil
abl
e f
or
pow
er
pro
duc
tio
n d
ue
to s
eep
age
, o
ver
flo
w,
etc,
is
as
follows:
The
sum
of
the
nav
iga
tio
n r
equ
ire
men
ts
and
the
est
ima
ted
wat
er
los
ses
was
sub
tra
cte
d
fro
m t
he
mon
thl
y m
ean
Lak
e
St.
Fra
nci
s o
utf
low
(Ta
ble
E-6
).
Sin
ce
it
was
con
sid
ere
d
tha
t a
flo
w o
f
10,
000
cfs
at
Les
Ced
res
Gen
era
tin
g S
tat
ion
is
the
min
imu
m f
low
, t
his
fig
ure
was
sub
tra
cte
d f
rom
th
e
to
ta
l
av
ai
la
bl
e
di
sc
ha
rg
e.
Th
e
re
ma
in
in
g
av
ai
la
bl
e
di
sc
ha
rg
e
wa
s
com
par
ed
to
the
max
imu
m p
erm
iss
ibl
e
dis
cha
rge
at
the
Bea
uha
rno
is
pla
nt,
(Ta
ble
E—7
).
Whe
n
the
cal
cul
ate
d B
eau
har
noi
s p
lan
t
dis
cha
rge
exc
eed
ed
the
per
mis
sib
le
dis
cha
rge
,
the
dif
fer
enc
e w
as
tra
nsf
err
ed
to
Les
Ced
res
pl
an
t
gi
vi
ng
a
Le
s
Ce
dr
es
pl
an
t
di
sc
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rg
e
of
10
,0
00
cf
s
pl
us
th
is
dif
fer
enc
e.
Sim
ila
rly
,
the
cal
Cul
ate
d d
isc
har
ge
at
the
Ies
de
re
s
pla
nt
wa
s
co
mp
ar
ed
to
th
e
ma
xi
mu
m p
er
mi
ss
ib
le
di
sc
ha
rg
e
(T
ab
le
E-
7)
.
Wh
en
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e
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ed
Le
s
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rg
e
ex
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ed
th
e
pe
rm
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e
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e,
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ul
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e
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d
to
th
e
va
lu
e
of
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e
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e
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rg
e,
an
d
th
e
ex
ce
ss
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te
r
wa
s
sp
il
le
d.
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 (4) The working head at the Beauharnois powerhouse was determined as
follows:
The elevation at the Upper Beauharnois Lock was determined from a
relationship between the Upper lock levels and the total outflow of the
Beauharnois Generating Station for each month of the year (Figure E—26).
The elevation of Lake St. Louis was determined from two stage-discharge
relationships for Lake St. Louis: one for the open water period from
April to November inclusive, and the other for the ice cover period from
December to March (Figure E-27).
The difference between the elevation of the Upper Beauharnois Lock and
Lake St. Louis was considered gross head at Beauharnois powerhouse.
(5) The power-discharge-head relationship for Beauharnois was based
on recorded values of the gross head, discharge, and equivalent power
output for the period covering the years 1975 to 1979 inclusive. This
period of record has been considered accurate due to the revision of the
turbine rating made in 1975. Figure E-28 shows the new relationship
curve used.
(6) The head at Les Cedres Powerhouse was determined for December to
April, inclusive, by a linear relationship between the recorded head and
the
tota
l ou
tflo
w at
the
plan
t,
(Fig
ure
E-29
).
For
May
to N
ovem
ber,
inclusive, the variations in the head are negligible, due to the control
works at Pointe-du-Buisson which maintains Les Cedres tailrace at
near-constant level (Figure E-24). The head was therefore fixed at 39.0
feet for these months.
(7)
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5.2.4 Computation of Power Output
Give
n th
e mo
nthl
y me
an o
utfl
ows
from
Lake
Onta
rio
and
Lake
St.
Loui
s, t
he
following data were computed for each month:
(1)
Lak
e
St.
Fra
nci
s
loc
al
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low
,
fro
m t
he
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ati
ons
hip
bet
wee
n
Lak
e
St.
Fra
nci
s
loc
al
inf
low
and
Riv
er
Cha
tea
ugu
ay
out
flo
w
(fi
gur
e
E-2
6);
(2)
Lak
e S
t.
Fra
nci
s o
utf
low
, b
y a
ddi
ng
Lak
e O
nta
rio
out
flo
w a
nd
Lake St. Francis local inflow (l);
(3)
The
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low
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n
the
Bea
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rno
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an
d
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3
(2)
;
(4)
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e
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Pow
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e
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nd
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ele
vat
ion
at the Upper Beauharnois Lock (Figure E-26):
E - 56
 5
4
5
1
/
4
/
7
0
”
0
"
(
/
ﬂ
ﬂ
f
f
ﬂ
a
t
/
m
a
m
a
4
0
6
4
’
/
6
2
0
(
/
.
£
5
3
'
J
/52.
A97.
60
Mi
#5.
Mi
 
Pe/wéoafi/p
Jew/1.17607 ﬁg
0;”;
ﬂeaa/fa/xm/i /OC/ /€Vd
a
n
d
7%:
2676/
a
w
f
b
w
0/
[3600500703
6627622929”;
5
7
6
/
7
0
”
ﬁ
r
e
o
c
ﬁ
m
o
p
/
ﬂ
 
6
//
5'
. 3
\
2
I
 
/4@
/2
¢
/6o
A90
Z
o
o
2
2
0
2
6
0
56402664,?4/0/3
6.5.
o
a
r
/
4
0
w
Maia/5‘.
F
I
G
U
R
E
E
—
2
6
13—57
 
 1
3
-
5
8
7
2
.
7
/
.
4~
0/
08
17
w
a
f
e
r
ca
rt
/e
Ap
r.
/o
A/
OV
.
MC
.
7
0
.
w
e
m
/
x
o
d
w
/
V
a
\
6.
9
d
e
c
/
0
M
O
I
!
//
76
'.
6
6
.
(
9
3
1
/
)
0
7
9
/
A
v
]
/
V
/
/
v
0
/
_
/
w
:
9
7
;
.
c
m
o
7
2
3
9
/
»
;
-
 
67
.L
-
e
-
A
-
-
Zo
o
zz
o
24
0
26
0
28
0
50
0
32
0
34
0
LA
KE
5K
Lo
u/
5 o
ur
/4
0w
X/
o’
CF
S
FI
GU
RE
E —
27
574
621
" v
ac
/7
04
06
.5
25
M
77
0N
3H
/D
Fo
e
wa
s
5/
: z
oo
/5
 
  
     
 
.
3
5
0
 
 ’
0
0
W
6
?
O
d
p
r
/
T
W
\
t
o
Q
0
 
\ \
Q
0
   
  
  
 
800
/60
/
6
0
2
0
0
2.20
2
4
0
H
o
w
,4 7' BEAU/MEMO/é‘
6. s.
X/036/5.
F
I
G
U
R
E
E
—
2
8
DOWER
007706/7~
#5240
“OAK/£4,005
PWWOA/S/I/p
FOP
664t/ﬂ/IE/V0/5
6
5'.
260 260 ‘
 /@0.
 
/40
/20
/00 .
50
D
O
W
/
£
3
0
0
0
7
3
0
0
7
-
M
W
60
 
ZOJMW_.._._.__.,-‘.._~__--,
m 20 30 40 5o 60
1.55 660255 D/S‘CA/APGE - CFSwas
FIGURE E — 30
DOW/£2 OUTPUT~H£A0 ~ D/SC/IAQGE PELAf/O/VS/f/p FOP LES 050855
E—6l
 (5) The Beauharnois powerhouse tailwater elevation, from the Lake
St. Louis stage-discharge relationship (Figure E-27);
(6) The gross head at Beauharnois powerhouse, obtained by
subtracting the tailwater elevation from the forebay elevation;
(7) The gross head at Les Cedres plant, obtained from a relationship
between Les Cedres total outflow and the gross head (Figure E-29); and
(8) Power output at the Beauharnois and Cedars plants, obtained by
using the power-head-discharge for each plant (Figures E-28 and E—30).
Table E-6
man-Power Flow Requirements At Beauharnois-Les Cedres Power Plants
  
Navigation Other Requirements
Month Requirements (cfs) (cfs)* Total (cfs)
January 0 2 500 2 500
February 0 2 500 2 500
March 200 2 600 2 800
April 500 2 600 3 100
May 600 2 600 3 200
June
700
2 60
0
3 30
0
July
700
2 60
0
3 30
0
August 700 2 600 3 300
September 600 2 600 3 200
October 600 2 600 3 200
November 600 2 600 3 200
December 400 ‘ 2 500 2 900
Average Annual 470 2 575 3 045
*Municipal, industrial and recreational requirements
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Table E-7
Maximum Permissible Discharge At Beauharnois
And Les Cedres Power Plants
Month
January
February
March
April
May
June
July
August
September
October
November
December
Annual Average
Beauharnois (Cfs)
230,000
235,000
240,000
288,000
288,000
288,000
288,000
288,000
288,000
288,000
288,000
288,000
274,750
Les Cedres (cfs)
50,000
50,000
50,000
60,000
60,000
60,000
60,000
60,000
60,000
60,000
60,000
50,000
56,650
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 Section 6
DETERMINATION OF UNIT ENERGY AND CAPACITY VALUES
6.1 Basis of Evaluation
The Working Committee established an Ad-Hoc Economics Working Group to
determine and recommend certain economic factors and criteria to serve as
a common basis of evaluation for the International Lake Erie Regulation
Study. In it's final report dated May 1978, this Working Group
recommended the following criteria for evaluation purposes:
(1) An interest and discount rate of 8.5%
(2) A project economic life period for amortizing costs and
discounting future benefits of 50 years beginnining 1985
(3) Price levels adjusted to 1979 costs
(4) The Canadian dollar considered at parity with the U.S. dollar
(5) Cost and benefit streams over time summarized in the following
ways:
(a) as a time profile of all costs and benefits in each year of
occurrence over the project life
(b) as a discounted present worth of each item in (a)
(c) as a constant annuity with present values as calculated
in (b)
6.2 Energy and Capacity values
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6.2.1 Ontario System
The projected unit energy and peak capacity values for the period
1985-2034 (50 years) are shown on Tables E-9 and E~10. The basis for the
values is described below.
(1) Energy
(a) A recent calculated set of projected system values of
incremental energy (mills/kWh was used as base). This established the
day and night annual energycosts based on a recent escalation forecast
(October, 1979) and a varying mix of fuels.
(b) These annual escalated energy costs (day and night) were
converted to July, 1979, price levels by deflating using an Implicit
Price Deflator based on Gross National Product, ("Economic Outlook", Long
Form, September 1979, Table E-ll).
(c) Application of these deflated energy costs (mills/kWh) to the
annual energy differences (GWh) of each alternative for the 50-year
period starting in 1985 provided the annual costs.
(d) The annual costs were discounted (brought to present worth) to
1985 using an annual discount rate of 8.5%.
(e) These annual costs were summed up and amortized over 50 years by
dividing by 11.5656 to yield an average annual cost of replacement power.
(2) Peak
(a) The December peak outputs for each alternative were converted to
a mean value and a standard deviation.
(b) These were used to calculate a statistical change in Load
Meeting Capability (LMC) for each alternative.
(c) The cost per LMC kilowatt at 1979 price levels is $692. This
value was based on capital costs of plant, incorporation, fixed operation
and maintenance (0&M) and associated reserve generating capacity.
The value of $692/kw represents a plant having a 30-year life and is
equivalent to an annuity of $59/kw at 8.5% interest rate. Since in some
studies the LMC kilowatts may vary from year to year, this annual value
will be more suitable for calculations. This has the added benefit of
avoiding the need for residual value calculations.
The $59/kw is made up of $49/kw for capital related items and $lO/kw for
the annual 0&M.
The year 1994 is currently the earliest in which new
generating capacity is expected to be added to the system and therefore,
is the first in which a change in system capacity should be penalized at
the value of $59/kw. However, there will be some 'mothballed' generation
in 1985 and later years up to 1993.
Any change in the amount of this
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Table E-9 (Cont'd)
Ontari
o Syst
em
Projected
Unit Ener
gy Values
1985 - 20
34 (50 Ye
ars)
1985
1985
Escalated Values Deflation Deflated Values Present Worth Present Worth
Year Day Night Factor to 1979 Day Night Factor* Day Night
(mills/kWh)
(mills/kWh)
(mills/kWh)
 
2010 114.5 63.9 0.1673 19.2 10.7 0.1199 2 3
11 119.7 65.3
0.1594
19.1 10.4
0.1105
2 1
12 125.1 66.7 0.1518 19.0
0.1019 1.9
1
8
1
6
H
G
D
K
O
O
r
—
l
13 130.7 68.1 0.1445 18.9
0.0939
14 136.5 69.4 0.1377 18.8
0.0865
(
7
1
6
‘
2015 142.6 70.6 0.1311 18.7
16 148.9 71.7 0.1249 18.6
17 155.5 72.7
0.1189
18.5
18 162.4 73.6 0.1133 18.4
19 169.5 74.4 0.1079 18.3
0.0797
1 5
0.0735
1 4
0.0677
1.2
0.58
1 1
1 l
c
0
0.0624
0.0575
M
O
k
D
M
O
O
O
G
D
C
D
C
O
6
7
2020 176.8 75.0 0.1027 18.2
21 184.5 75.4 0.0978 18.0
22 192.5 75.7 0.0932 17.9
23 200.7 75.7 0.0887 17.8
24 209.3 75.4 0.0845 17.7
0.0530 0.96 0.41
0.0489 0.88 0.36
0.0450
0.81
0.32
0.0415 0.74 0.28
0.0383 0.68 0.25
F
ﬁ
‘
v
—
i
l
‘
ﬁ
‘
[
\
F
F
O
K
O
2025 218.2 74.9 0.0805 17.6
26 227.4 74.1 0.0767 17.4
27 236.9 72.9 0.0730 17.3
28 246.8 71.3
0.0695
17.2
29 257.0 69.4 0.0662 17.0
0.0353 0
.62 0.21
0.0325 0.57 0.19
0.0300 0.52 0.16
0.0276 0
.47 0.14
0.0254 0.43 0.12
0
O
P
M
O
K
D
\
O
L
D
L
O
L
O
Q
‘
2030 267.6 66.9 0.0631 16.9
31 282.8 70.6 0.0600 17.0
32 299.0 74.5 0.0572 17.1
33 316.0 78.6 0.0545 17.2
34 334.0 82.9 0.0519 17.3
0.0235 0.40 0.10
0.0216 0.37 0.09
0.0199
0.34
0.09
0.0184
0.32
0.08
0.0170
0.29
0.07
N
N
M
M
M
Q
‘
Q
‘
Q
‘
V
Q
‘
*Discount Rate 8.5%
Total 11.5656 199.40 140.18
 
Table E—lO
Ontario System
Projected Unit Peak Capacity Values 1985 — 2034 (50 Years)
July 1979 1985 1985 July 1979 1985 1985
Annual Present Worth Present Worth Annual Present Worth Present Worth
Year Value Factor* Factor Year Value Factor* Factor
($/kW) ($/kW) (S/kW) ($/kW)
  
1985 10
0.9217
9.217 20
10 59
0.1199
7.074
86 10 0.8495 8.495 11 59 0.1105 6.520
87 10 0.7829 7.829 12 59 0.1019 6.012
88 10 0.7216 7.216 13 59 0.0939 5.540
89 10
0.6650
6.650
14 59
0.0865
5.104
1990 10 0.6129 6.129 2015 59 0.0797 4.702
91 10 0.5649 5.649 16 59 0.0735 4.337
92 10 0.5207 5.207 17 59 0.0677 3.994
m 93 10 0.4799 4.799 18 59 0.0624 3.682
m 94 59 0.4423 26.096 19 59 0.0575 3.393
1995 59 0.4076 24.048 2020 59 0.0530 3.127
96 59 0.3757 22.166 21 59 0.0489 2.885
97 59 0.3463 20.432 22 59 0.0450 2.655
98 59 0.3191 18.827 23 59 0.0415 2.449
99 59 0.2941 17.352 24 59 0.0383 2.260
2000 59 0.2711 15.995 2025 59 0.0353 2.083
01 59 0.2499 14.744 26 59 0.0325 1.918
02 59 0.2303 13.588 27 59 0.0300 1.770
03 59 0.2122 12.520 28 59 0.0276 1.628
04 59 0.1956 11.540 29 59 0.0254 1.499
 
2005 59 0.1803 10.638 2030 59 0.0235 1.387
06 59 0.1662 9.806 31 59 0.0216 1.274
07 59 0.1531 9.033 32 59 0.0199 1.174
08 59 0.1412 8.331 33 59 0.0184 1.086
09 59 0.1301 7.676 34 59 0.0170 1.003
*Discount Rate 8.
5%
Total
11.5656
382.539
 
 
  
Table E—ll
Inflation Forecast — Canada
% change)
Consumer Implicit Industry Selling
9232_ Price Index Price Deflator Price Index
1979 9.0 8.5 12.5
1980 9.0 8.7 9.0
1981 7.5 7.5 8.0
1982 7.0 6.5 8.5
1983 7.5 8.0 9.0
1984 7.0 7.5 8.0
1985 6.5 7.0 8.0
1986 7.5 7.5 9.0
1987 7.5 7.5 8.5
1988 6.5 6.5 5.5
1989—1993 6.0 6.0 6.0
1994-1998 5.5 5.5 5.5
1999-2018 5.0 5.0 5.0
Source: Economics Division, Ontario Hydro
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generation will cause a corresponding change in 0&M costs. For this
reason the $10/kW 0&M charge was applied each year from 1985 to 1993.
(d) For each alternative, the value of $59/kw per annum was applied
as appropriate to the December change in LMC in each year of the 50-year
study period starting in 1985.
These annual valueswere then treated in similar fashion to the energy
calculations above.
6.2.2 Quebec System
Ice conditions limit the flow at the time that the Hydro Quebec system
experiences peak load; therefore no peak capacity benefit or loss is
expected and only the effects of regulation on energy production were
evaluated.
(1) Energy
(a) Dynamic marginal values of energy were assumed to be those of
hydroelectric energy replacement from 1985 up to 1995 and those of
nuclear energy replacement after 1995. These values are shown in
column 2 of table E-12. They represent the yearly cost in current
dollars for replacing l MWh in non-peaking hours.
(b) The deflation factor was calculated by assuming an index of 1.00
for 1979 and a fixed inflation rate of 10% between 1979 and 1981 and a
projected inflation rate from 1982-2034 as tabulated below:
Year Inflation rate - %
1982-1985 10.0
1986-1987 ‘ 7.1
1988-1989 6.0
1990-2034 5.7
The deflation factor is shown in column 3 of table E-12. To obtain the
dynamic marginal value of energy in constant 1979 dollars, (Column 4),
each value in column 2 was divided by its respective deflation factor.
(c) Column 5 shows the present worth factor based on an annual
discount rate of 8.5%, taken from the following equation
= F x A
the present worth of A, referring to 1985;
the annual value of energy as given in column 4
= the interest factor, which is given by the following
equation
where
"
1
3
>
"
U
'
U
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Quebec
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Projec
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1979
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h
4
0.
0
5.
48
5.
44
6.81
7.
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7.
98
8.05
7.
24
8.
05
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9.
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10.
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9
.
9
7
9
.
8
2
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9.
44
9.
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9.
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9.
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9.
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9
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4
4
9
.
4
4
9
.
4
4
9.
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1985
Pre
sen
t
Worth
Factor*
5
0.9217
0.8495
0.
78
29
0
.
7
2
1
6
0.
66
50
0.6129
0.5649
0.5207
0.4799
0.4423
0.4076
0.3757
0.3463
0.3191
0.2
941
0.2
711
0.2499
0.2303
0.2122
0.1956
0.1
803
0.
16
62
0.1
531
0.1
412
0.1301
1985
Present
Worth
mi
ll
s/
kW
h
6
0.0
4.653
4.2
60
4.9
12
4.8
02
4.8
92
4.546
3.
76
8
3.8
65
3.803
4.024
3.811
3.
45
2
3.
13
2
2.823
2.5
59
2.359
2.1
75
2.004
1.8
47
1.
70
2
1.5
69
1.4
46
1.3
33
1.
22
8
Ye
ar
2010
1
1
1
2
1
3
1
4
20
15
1
6
1
7
1
8
19
2020
21
22
23
2
4
2025
2
6
27
28
29
2030
31
3
2
3
3
34
Escal
ated
Value
Cu
rr
en
t
$
mills/kWh
2
62.58
66.
15
69.
92
73.
90
78.
12
82.
57
87.
28
92
.2
5
97.
51
103
.07
108.94
115
.15
12
1.
72
128
.65
13
5.
99
14
3.
74
151
.93
160
.59
169
.75
179
.42
18
9.
65
200.46
211.88
223.96
236
.73
* D
isc
oun
t R
ate
8.5
%
Defl
atio
n
Fac
tor
to 1979
3
6.629
7.0
07
7.4
06
7.828
8.275
8.746
9.245
9.7
72
10.329
10.
917
11.540
12.
197
12.
893
13.
628
14.
405
15.
226
16.
094
17.011
17.980
19.006
20.
089
21.
234
22.444
23.
723
25.
075
1979
Value
mills
/kWh
4
9.44
9.44
9.44
9.44
9.44
9.44
9.44
9.44
9.44
9.44
19
85
Pre
sen
t
Wor
th
Fac
tor
*
5
0.1199
0.1
105
0.1
019
0.0
939
0.
08
65
0.0
797
0.0
735
0.0
677
0.0
624
0.0575
0.0530
0.0489
0.0
450
0.0415
0.0383
0.0353
0.0325
0
.
0
3
0
0
0.0276
0.0254
0.0235
0.0216
0.0199
0.0184
0.0
170
1985
Present
Wor
th
mill
s/kW
6
1.1
32
1.043
0.962
0.8
86
0.817
0.753
0.694
0.639
0.589
0.5
43
0.501
0.461
0.4
25
0.392
0.3
61
0.3
33
0.307
0.2
83
0.261
0.2
40
0.221
0.204
0.1
88
0.1
73
0.160
 
 F = l
(1+i)n
where i = discount rate (8.5%)
n = the year, starting with 1985
(d) Column 6 gives the 1985 present worth marginal values of 1 kWh
of replacement energy in non-peaking hours in constant 1979 mills for
each of the 50 years of the project's economic life. The theoretical
annual amortized value (annuity) of replacing l kWh is given by the
following equation:
n
E P
H
E F
n
l
= 87.533
11.566
7.568 mills/kWh
Where P and F are defined above
This value was multiplied by the difference in average energy output,
over the 50-year project economic life to obtain the annual amortized
value of energy. The total present worth value was obtained by
multiplying the annual amortized value by F. ( F = 11.566).
6.2.3 New York State System
For a given regulation plan changes to energy production or capacity were
evaluated compared to the basis-of-comparison for the plant at Niagara.
This method was used because; the changes in plan flow from
basis-of-comparison are small and deemed to be minor; the plant
efficiency is essentially linear throughout the range of diversion
capacity used in this study; and virtually all available water can be
diverted in the various cases; thus the study lends itself to evaluation
of difference in losses for energy.
At the St. Lawrence River plant the procedures were similar to Ontario
Hydro since the Saunders and Moses plants are essentially equivalent.
Thus the energy and peak capacities were those which would result from
the same supplied and diversions as the past but with levels and flows
indicated by the rules of a given regulation plan.
These methods were developed to determine the economic benefit or loss
which would result from implementing each of the regulation plans
compared to the basis of comparison. Thus the evaluation is based upon
the change in value of energy and capacity which is associated with such
regulation.
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Section 7
EVALUATION of REGULATION PLANS
7.1 General
This section presents the results of the detailed economic evaluations,
made by the Power subcommittee, of Lake Erie regulation plans 25N, 155
and 6L, with Lake Ontario regulation Categories 1, 2 and 3. Each plan
was evaluated according to the methodology described in Sections 2
through to 6 using the basis-of-comparison as described in Subsection
1.3. In addition, for Category 3 Lake Ontario regulation, each Lake Erie
plan was evaluatedagainst an adjusted basis-of-comparison. The adjusted
basis-of-comparison assumed increased St. Lawrence River channel
capacities that would permit the present Lake Ontario Orders of Approval
to be met with the high supplies of the mid-1970's. This eliminated the
power benefits that would be achieved by meeting the Orders of Approval
on Lake Ontario from the effect of limited regulation of lake Erie.
7.2 Adjustment to Energy Benefits
Under the sequence of supply (1900-1976) assumed for these studies, the
levels of each of the lakes at the end of the period (December 1976) were
slightly lower under regulation than under the basis-of-comparison.
Consequently, the corresponding long-term mean outflows were greater by
varying amounts, up to about 400 cfs.
A sensititivity analysis indicated that this anomaly impacted on the
results of the study, and therefore an adjustment was made to the
computed average annual energy benefits at each generating station. The
details of the adjustments to the average annual energy benefits/losses
are explained and tabulated in Annex C which also includes tabulations of
the unadjusted energy outputs,and the peak outputs.
7.3 Results of Evaluation
The benefits/losses in peak load meeting capability and the adjusted
benefits/losses in average annual energy production are summarized for
each category on Tables E-l3 to 16. The corresponding annual amortized
valu
es a
nd p
rese
nt w
orth
valu
es a
re s
umma
rize
d on
Tabl
es E
-l7
to 2
0.
7.3.1 Category 1
The evaluations of Plans 25N, 155 and 6L are shown on Tables E-l3 and
E17. Table E-l3 shows the difference in average annual energy in GWh and
the difference in peak load meeting capability in MW. Table E-l7 shows
the annual amortized value of the energy and peak differences and the
combined present worth values.
Plan 25N - The net annual effect on power generation would be a loss of
$2,476,000 having a present worth value of $28,636,000. In Canada, the
aver
age
annu
al l
oss
woul
d be
71.3
GWh
of e
nerg
y an
d 0.
8 MW
of p
eak
whic
h
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 Table E-l3
Power Evaluation — Category 1
Regulation Plans 25N, 155 and BL Compared to Basis—of—Comparison (BOC)
Difference in Average Annual Energy Production
and
Peak Load Meeting Capability
 
Difference from BOC
  
Average Annual Energy (GWh) Peak Capacity (MW)
ZSN 155 ﬁg 25N 158 ﬁg
Ontario
St. Marys + 2.2 + 1.4 + 0 3
Niagara —61.1 —68.3 —23.3
St. Lawrence - 5.1 + 0.5 — 1.1
Total —64.0 ~66.4 -24.l — 0.8 +0.22 +0.76
Quebec
St. Lawrence ' 7-3 ' 5-2 — 2-6
Total Canada —7l.3 —7l.6 —26.7 — 0.8 +0.22 +0.76
New York State
Niagara - 0.7 - 2.5 - l.l — 9.0 —l.3 -0.4
St. Lawrence — 5.]. + 0.5 — 1.]. - 1.4 +0.2 +0.2
Total - 5.8 - 2.0 — 2.2 —10.4 —l.l —0.2
Upper Michigan + 2.0 + 1.7 + 0.2 + 0.06 +0.02 +0.01
Total U.S. — 3.8 — 0.3 ~ 2.0 —lO.34 -l.08 —O.l9
Total U.S. and Canada —75.l ~7l.9 —28.7 -ll.l4 -0.86 +0.57
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Table E—l4
Power Evaluation - Category 2
Regulation
Plans
25N,
158
and
6L
Compared
to
Basis—of—Comparison
(BOC)
Difference
in
Average
Annual
Energy
Production
and
Peak Load Meeting Capability
 
Difference from BOC
  
Average
Annual
Energy
(GWh)
Peak
Capacity
(MW)
ZSN
155
ég’
25N
lSS
gg
Ontario
St.
Marys
+
2.2
+
1.4
+
O
3
Niagara
—63.0
~69.2
—23
8
St.
Lawrence
+ 3.0
+ 5.8
+ 3 8
Total
-57.8
—62.0
~19.7
— 4.45
—2.92
—2.37
Quebec
St. Lawrence - 4-7 - 2.3 + 1.2
Total Canada
‘62.5
‘64.3
‘18.5
‘
’2.92
‘2.37
New York State
Niagara - 0.7 - 2.5 — l 1 — 9.0 -l.3 —O.4
St. Lawrence + 3-0 + 5-8 + 3 8 - 0.9 +0.1 +0 2
Total
+ 2 3
+ 3 3
+ 2.7
— 9 9
-l 2
-O 2
Upper Michigan + 2 0 + l 7 + O 2 + 0.06 +0 02 +0 01
Total u.S. + 4 3 + 5 O + 2 9 - 9.84 -l 18 -O 19
Total 0.3, and Canada
—58.2
—59.3
—15.6
—l4.29
—4.10
-2.56
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Table E—15
Po
we
r
Ev
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ua
ti
on
—
Ca
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go
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3
Re
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Pl
an
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25
N,
15
8
an
d
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of
-C
om
pa
ri
so
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OC
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Difference front BOC
  
 
Av
er
ag
e
An
nu
al
En
er
gy
«3
Wh
)
Pe
ak
Ca
pa
ci
ty
i(
MW
)
15
5
.l_
5§
.63
2.5
3
225
;
6_L
Ontario
St
.
Ma
ry
s
+
2.
2
+
1.
4
+
O
3
Ni
ag
ar
a
—6
3.
1
—6
7.
7
—2
3.
0
St
.
La
wr
en
ce
+
2.
3
+
8.
8
’+
4.
0
To
ta
l
—5
8.
6
—5
7.
5
—1
8.
7
—
2.
43
-3
.0
6
—5
.5
7
Quebec
St
.
L
a
wr
e
n
c
e
-l
7.
5
-l
4.
8
-
9.
3
To
ta
l
Ca
na
da
—7
6.
1
—7
2.
3
—2
8.
0
—
2.
43
-3
.0
6
~5
.5
7
New York State
Ni
ag
ar
a
-
0.
7
—
2.
5
—
1
1
—
9
0
—1
.3
—o
4
st
_
La
wr
en
ce
+
2.
3
+
8.
8
+
4
O
-
O
59
+0
83
+0
41
To
ta
l
+
1.
6
+
6.
3
+
2.
9
—
9.
59
-0
.4
7
+0
.0
1
Up
pe
r
Mi
ch
ig
an
+
2
O
+
l
7
+
O
2
+
0.
06
+0
02
+0
01
To
ta
l
U_
S_
+
3.
6
+
8.
0
+
3.
1
—
9.
53
—O
.4
5
+0
.0
2
To
ta
l
0.
5.
an
d
Ca
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da
~7
2.
5
—6
4.
3
—2
4.
9
-l
l.
96
-3
.5
1
—5
.5
5
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 Table E-16
Power Evaluation — Category 3
Regu
lati
on P
lans
25N,
158
and
BL C
ompa
red
to A
djus
ted
Basi
s-of
—Com
pari
son
(ABO
C)
Difference in Average Annual Energy Production
and
Peak Load Meeting Capability
Difference from ABOC
  
Average Annual Energ17KSWh) Peak cagacity (MW)
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Table E—18
Power Evaluation - Category 2
Regulation Plans 25N, 158 and 6L Compared to Basis-of—Comparison (BOC)
Annual Amortized and Present Worth of Difference
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Power Evaluation — Category 3
Regulation Plans 25N, 158 and 6L Compared to Adjusted Basis—of—Comparison (ABOC)
Annual Amortized and Present Worth of Difference
in
Average Annual Energy and Peak Load Meeting Capability
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Total
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has a combined annual value of $1,116,000. In the U.S., the loss would
be 3.8 GWh of energy and 10.34 MW of peak which has a combined annual
value of $1,360,000.
Plan 15S - The net annual effect on power generation would be a loss of
$1,575,000 having a present worth value of $18,216,000. In Canada, there
would be a loss of 71.6 GWh of energy and a gain of 0.22 MW of peak
resulting in a combined annual loss of $1,284,000. In the U.S., the loss
would be 0.3 GWh of energy and 1.08 MW of peak with an annual value of
$291,000.
Plan 6L - The net annual loss to power would be $725,000 with a present
worth value of $8,384,000. In Canada, there would be a loss of 26.7 GWh
of energy and a gain of 0.76 MW of peak which givesa combined average
annual loss of $468,000. In the U.S., there would be a loss of 2.0 GWh
of energy and 0.19 MW of peak with a combined annual value of $257,000.
In summary, the three plans show net annual losses to power generation of
2.5, 1.6 and 0.7 million dollars for plans 25N, 15S and 6L respectively,
which have present worth values of 28.6, 18.2 and 8.4 million dollars.
The following is a review of the effects of each regulation plan under
Category 1 on each of the power systems involved.
7.3.1.1 Ontario System
Determination of energy outputs from the Ontario plants was made for each
month of the period 1900-1976 assuming first the basis-of-comparison and
then regulation Plans 25N, 15S and 6L under Category 1 in effect
throughout the period. The average daytime and nighttime monthly energy
outputs over the period were computed for the St. Marys River plant, for
the Niagara area plants, and for the R.H. Saunders plant on the St.
Lawrence River. The results (Tables E-13 and E-17) are summarized as
follows:
Plan 25N would result in an annual loss of 64.0 GWh with an annual
amortized value of $1,035,000. There would be a small gain at the St.
Marys River plant (+2.2 GWh) and a small loss at the St. Lawrence (-5.1
GWh) but the bulk of the loss would occur at the Niagara plants. This
loss is due to some of the additional water that is discharged from Lake
Erie during high supply periods being wasted or used at the Cascade
plants, which have a lower economy factor (kW/cfs) than the high head SAB
plants.
Plan 15S would result in an annual loss of 66.4 GWh with an annual value
of $1,252,000. Like Plan 25N, the major effect of Plan 158 occurs at the
Niagara plants. The proportionally larger loss for 15S despite its lower
discharge capacity is due tothe operating constraints by which virtually
all the additional water during the high supply period is discharged
during tourist season nights and the non-tourist season when Niagara
Falls flow requirement is 50,000 cfs.
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Plan 6L would result in an annual loss of 24.1 GWh having an annual value
of $473,000. Like the other two plans, the major effect of Plan 6L would
occur at the Niagara plants. The proportionally larger losses from Plan
6L compared to Plan 25N would be due to operating constraints, similar to
Plan 158.
Determination of peak outputs from the Ontario plants was made for each
month of the period, similar to the energy. The effect of the regulation
plans on the total peak capacity from the St. Marys, Niagara and St.
Lawrence River plants was analyzed and the difference in peak load
meeting capability (AIMC) was determined from the December values. The
results (Tables E-l3 and E-l7) are summarized as follows:
Plan 25N would result in a loss of 0.8 MW with an annual amortized value
of $26,000. Plan 158 and BL would result in gains of 0.22 MW and 0.76 MW
respectively, with annual valuesof $7,000 and $25,000.
7.3.1.2 Quebec System
On the Quebec System the economic evaluation of the different plans under
Category 1 compared to the basis-and-comparison show losses with annual
amortized values and present worth vales (compounded over the 50 year
economic life of the project) as follows:
value of Loss (-)
 
Plan Annual Present Worth
25N -$55,000 -$636,000
155 -$39,000 —$451,000
6L -$2o,ooo -$231,ooo
One can notice that the loss would increase in the same way as the
increase of the discharge capacity of Lake Erie. The losses would be
attributed to a different distribution of the flow comingfrom Lake
Ontario, some of which has to be diverted from the Beauharnois Generating
Station into the less productive Les Oedres Generating Station, due to
limitation on the capacity of the Beauharnois plant.
7.3.1.3 New York State System
At the Niagara plant, each of the plans would result in annual energy
losses as shown on Table E-l3 varying from 2.5 GWh for Plan 158 to 0.7
GWh for Plan 25N. Adverse effects from Plans 158 and 6L are more severe
at Niagara because the additional release of water from Lake Erie would
occur at night and during the non-navigation season. At these times
pursuant to the Niagara Treaty, the existing diversions for power are
already the greatest. The U.S. share of these additional releases would
thus exceed the diversion capacity of the Niagara Plant at the highest
flows. Plan 25N has a greater monthly release capacity, so Lake Erie
would not reach the extreme elevations of the other two plans with ﬂ
consequent diminishing of extreme outflows.
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Effects on capacity at the Niagara plant, however, are most adverse with
Plan 25N. Because the lower rangeof flows is lower than for the other
plans. These results are also shown in Table E-13.
At the St. Lawrence plant, the greatest energy loss of 5.1 GWh would
occur for Plan 25N (Table E-l3). As in the case of the Saunders plant,
losses are caused by the greater percentage of time that the forebay is
lower compared to the basis-of-comparison due to higher discharges. Plan
6L would show a loss of 1.1 GWh annually while Plan 15S would show a
small gain of 0.5 GWh on an annual basis.
Effects on capacity at St. Lawrence would be small for these plans.
The economic effects on power production overall showed that Plan 25N
would be the most adverse with $1.37 million annual losses while Plan 6L
was least severe with $0.26 million in annual losses. These are shown in
TﬂﬂeEd7.
7.3.1.4 Upper Michigan System
Under Category 1, all the Lake Erie regulation plans evaluated would have
beneficial effects on power generation at the U.S. power plants on the
St. Marys River. The effect of Plan 25N (Table E-13 and E-l7) would be
an increase in energy of 2.0 GWh and a 0.06 MW increase in peak. This
would give a combined annual benefit, under Plan 25N, of $9,000 and a
present worth of $104,000. Plan 158 would have the effect of increasing
energy by 1.7 GWh and peak by 0.02 MW, for a total annual benefit of
$7,000 and present worth of $81,000. Likewise, Plan 6L would increase
energy and peak by 0.2 GWh and 0.01 MW, respectively, for a combined
annual benefit of $1,000 and present worth of $12,000.
These net increases would be due to the backwater effects of Lake Erie
regulation on the levels of lakes Michigan-Huron, and thus on lake
Superior; which in turn affect the headwater and tailwater levels of the
power plants.
703-2 2
The peak and energy differences associated with Category 2 are shown on
Tables E-l4 and the corresponding monetary values are shown on Table E-18.
Plan 25N - The net annual effecton power generation would be a loss of
$1,555,000 which has a present worth value of $17,984,000. In Canada,
the loss would be 62.5 GWh of energy and 4.45 MW of peak which has a
combined annual value of $1,126,000.
In the U.S., there would be a gain
of 4.3 GWh of energy and a loss of 9.84 MW of peak. The annual value
would be a gain of $262,000 and a loss of $691,000 giving a combined net
loss of $429,000.
Plan 158 - The net annual effect on power generation would be a loss of
$1,013,000. In Canada, the loss would be 64.3 GWh of energy and 2.92 MW
of peak having a combined annual value of $1,301,000.
In the U.S., there
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Plan 6L - The net annual effect on power generation would be a loss of
$191,000 with a present worth of $2,208,000. In Canada, there would be a
loss of 18.5 GWh of energy and 2.37 MW of peak with a combined annual
value of $476,000. In the U.S., there would be a gain of 2.9 GWh of
energy and a loss of 0.19 MW of peak giving a net annual gain of $285,000.
In summary, the plans would produce net annual losses to power generation
of 1.6, 1.0, and 0.2 million dollars for Plans 25N, 158 and 6L
respectively, which have present worth values of 18.0, 11.7 and 2.2
million dollars.
The following is a review of the effects of each regulation plan under
Category 2 on each of the power systems involved.
7.3.2.1 Ontario Systems
The energy outputs from the Ontario plants were detennined by the same
method as Category 1. The outputs from the St. Marys River plants are
the same as Category 1. The outputs from the Niagara River plants are
essentially the same as Category 1, differing only by the effect of Lake
Ontario elevation on the tailwater level at the SAB plants. The outputs
from the Saunders St. Lawrence River plant reflect the benefits of Lake
Ontario regulation under Category 2.
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7.3.3 Category 3 (Compared to the Basis-of-Comparison)
The peak and energy differences under Category 3, compared to the
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Plan 25N - The net annual effect on power generation would be a loss of
$1,647,000 with a present worth value of $19,048,000. In Canada, the
loss would be 76.1 GWh of energy and 2.43 MW of peak which has a combined
annual value of $1,162,000. In the U.S., there would bea gain of 3.6 GWh
of energy and a loss of 9.53 MW of peak resulting in a combined net
annual loss of $485,000.
Plan 155 - The net annual effect on power generation would be a loss of
$653,000 with a present worth value of $7,551,000. In Canada, the loss
would be 72.3 GWh of energy and 3.06 MW of peak which has a combined
annual value of $1,324,000. In the US, there would be an annual gain of
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0.45 MW of peak resulting in a combined
net annual gain of $671,000.
Plan 6L - The net annual effect on power generation would be a loss of
$319,000 with a present worth value of $3,690,000.
In Canada, there
would be an annual loss of 28.0 GWh of energy and 5.57 MW of peak with an
annual value of $641,000.
In the U.S. there would be an annual gain of
3.1 GWh of energy and 0.02 MW of peak, resulting in a total annual gain
of $322,000.
In summary, the net annual loss to power generation is 1.6, 0.7 and 0.3
million dollars for plans 25N, 155 and 6L respectively, with present
worth values of 19.0, 7.6 and 3.7 million dollars.
The following is a review of the effects of each regulation plan under
Category 3, compared to the basis-of-comparison, on each power system.
7.3.3.1 Ontario System
The energy losses at the St. Marys and Niagara River plants would be
essentially the same as Category 1 as discussed in subsection 7.4.1. The
effect at the St. Lawrence River plant, includes the combined effects of
the St. Lawrence River channel excavations with the associated benefits
of reduced channel losses between Lake Ontario and the powerhouse, and
the Lake Erie regulation plans.
Plan 25N would result in a net annual energy loss of 58.6 GWh with an
annual amortized value of $950,000.
At the St. Lawrence, there is a gain
of 2.3 GWh.
Plan 155 would result in a net annual loss of 57.5 GWh having a value of
$1,111,000. At the St. Iawrence, there would be an annual gain of 8.8
GWh. ‘
Plan 6L would result in a net loss of 18.7 GWh with an annual value of
$387,000. The St. Lawrence would show a gain of 4.0 GWh.
The peak outputs were determined in the same way as Category 1. Under
all three plans there is a loss in peak load meeting capability of 2.43
MW, 3.06 MW and 5.57 MW for Plans 25N, 15S and 6L respectively, which
have annual values of $80,000, $101,000 and $184,000 (Tables E-lS and
E—l9).
7.3.3.2 Quebec System
On the Quebec system the economic evaluation of the different plans under
Category 3 compared to the basis-of-comparison shows losses for each plan
having annual and present worth values as follows:
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7.3.4 Category 3 (Compared to the Adjusted Basiscof-Comparison)
In this section the peak and energy outputs computed for Category 3 are
compared to the adjusted basis-of-comparison which eliminates the effect
of operating Lake Ontario within the Orders of Approval from the effects
of the Lake Erie regulation plans. The peak and energy differences
compared to the adjusted basis-of-comparison are summarized on Table E-16
and the corresponding dollar values are shown on Table 3-20.
Plan 25N — The net annual effect on power generation would be a loss of
$2,044,000 which has a present worth value of $23,640,000. In Canada,
the loss would be 73.0 GWh of energy and 0.45 MW of peak which has a
combined annual value of $1,077,000. In the U.S., there would be a net
loss of 0.5 GWh of energy and 9.94 MW of peak having a combined annual
an
value of $067,L00.
Plan 158 - The net annual effect on power generation would be a loss of
$1,051,000 having a present worth value of $12,157,000. In Canada, the
loss would be 69.3 GWh of energy and 0.17 MW of peak, having a net annual
value of $1,240,000. In the U.S., there would be a net energy gain of
3.9 GWh and a loss of 0.86 MW of peak which would produce a combined
annual gain of $189,000.
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Plan 6L - The net annual effect on power generation would be a loss of
$716,000 which has a present worth value of $8,280,000. In Canada, there
would be an energy loss of 24.9 GWh and a peak loss of 2.68 MW which has
a combined annual value of $556,000. In the U.S., there would be an
annual energy loss of 1.0 GWh of energy and 0.39 MW of peak which have a
combined annual value of $160,000.
In summary, the net annual loss to power generationis 2.0, 1.1 and 0.7
million dollars for Plans 25N, 15S and 6L which have present worth values
of 23.6, 12.2 and 8.3 million dollars.
The following is a review of the effects of each Lake Erie regulation
plan under Category 3, compared to the adjusted basis-of-comparison, on
each power system.
7.3.4.1 Ontario System
The energy losses at the St. Marys and Niagara River plants are the same
as those in Category 3 basis-of-comparison, as discussed in 7.3.3.1. At
the St. Lawrence, however, the effect of regulating Lake Ontario within
the "Orders of Approval" is eliminated and only the increase effect of
the Lake Erie regulation plans is shown (Tables E-l6 and E-20).
Plan 25N would result in a net annual loss of 62.7 GWh with an annual
amortized value of $1,014,000. At the St. Lawrence River, there would be
a loss of 1.8 GWh.
Plan 158 would result in a net annual loss of 61.6 GWh with an annual
loss of $1,176,000. At the St. Lawrence River plant there would be a
gain of 4.7 GWh.
Plan
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7.3.4.2 Quebec System
On the Quebec system the economic evaluation of the different plans under
Category 3 compared to the adjusted basis-of-comparison shows losses
having annual andpresent worth values as follows:
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 f.
value of Loss (-)
  
Plan Annual Present Worth
25m -$78,000 —$902,000
155 —$58,000 -$67l,000
6L -$16,000 —$185,000
7.3.4.3 New York State System
At Niagara the effect of Category 3 compared to the adjusted
basis-of—comparison are identical to those described under Subsection
7.3.1.3.
At the St. Lawrence Plan 158 would have a benefit of 4.7 GWh annually
while Plan 25N would show a loss of 1.8 GWh. Effects on capacity at the
St. Lawrence would be small, varying from a gain of 0.4 MW for Plan 158
to a loss of 1 MW for Plan 25N (Table E-l6).
Under this category, the overall effects on NYS power would show losses
of $0.98 million annually for Plan 25N and $0.16 million for Plan 6L.
Plan 155 would show a gain of $0.19 million. Table E-2O summarizes these
results.
7.3.4.4 Upper Michigan System
The peak and energy losses would be the same as under Category 1,
Subsection 7.3.1.1.
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LIST OF MEMBERS AND ASSOCIATES
OF POWER SUBCOMMITTEE
United States Section
 
Alvin Hollmer
Power Authority of the State of New York
Chairman, July 13, 1977 to completion
B.G. DeCooke
U.S. Army Corps of Engineers - Detroit District
Associate, July 13, 1977 to completion
Canadian Section
John M. Spratt
Ontario Hydro
Chairman, July 13, 1977 to completion
Robert Brisbois
Hydro Quebec
Member, July 13, 1977 to November 24, 1980
Jean-Claude Rassam
Hydro Quebec
Member, November 25, 1980 to completion
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Annex B
CONVERSION FACTORS
(BRITISH TO METRIC UNITS)
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Annex C
RESULTS OF PEAK AND ENERGY DETERMINATIONS
This annex contains:
(1) Tablulations of the average annual energy production and peak outputs
and the corresponding differences from the basis-of-comparison
(A BOC) or from the adjusted basis-of-comparison (A ABOC).
(2) Details of the calculations of the adjustments to the energy
differences (benefits/losses) that were required because of the
differences in long-term mean outflows as discussed in Subsection
7.2, together with tabulations of these adjustments and the A BOC and
AABOC after adjustment.
1. Average Annual Energy Production and Peak Outputs
The average annual energy production and peak outputs, that were computed
in accordance with the methodology described in Sections 2 to 5 are
presented together with the differences from the BOC or ABOC for each
power system and for each category in the following tables:
Energy and Peak Outputs
 
Power System Category Table No Page No
Ontario — Energy 1 l E-97
2 2 E—98
3 compared to BOC 3 E-99
3 compared to ABOC 4 E-lOO
Ontario - Peak 1 and 2 5 E-lOl
3 compared to BOC 6 E-lOZ
3 compared to ABOC 7 E-lO3
Quebec - Energy 1, 2, and 3 8 E-104
Upper Michigan
- Peak and Energy 1, 2, and 3 9 E-lOS
New York State
- Peak and Energy 1, 2, and 3 10 E-106
(differences only)
2. Details of Adjustments to Energy Differences (Benefits/Losses)
As explained in Subsection 7 it was necessary to adjust the energy
differences (benefits/losses) that were computed for each generating
station on the St. Marys, Niagara, and St. lawrence Rivers to account for
the difference in long term mean outflows of Lake Superior, Lake Erie,
and Lake Ontario resulting from the regulation plans and from the
basis-of-comparison (and adjusted basis-of-comparison).
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The adjustment calculations are tabulated by river, for each power system
and for each category and are shown together with the ECG or ABOC
after adjustment on the following tables:
Adjustment to Energy Differences
 
River System Category Table No Page No
St. Marys Ontario 1, 2, and 3 ll E-lO7
St. Marys Upper Michigan 1, 2, and 3 12 E-108
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3 (compared to BOC) 18 E-ll4
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3 (compare to ABOC)
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—1.1
—6.1
nig
ht
—2.
5
+6.
8
+4.
3
tot
al
-7.
5
+5.
7
—1.
8
155
242
,24
3
+12
5
+ 6
2
5.4
4
day
—2.
0
+4.
5
+2.
5
nig
ht
—1.
0
+3.
2
+2.
2
tot
al
-3.
0
+7.
7
+4.
7
6L
242,
183
+ 65
+ 32
5.44
day
-l.0
+0.8
-O.2
nigh
t —O
.5
+0.6
+0.1
tot
al
—l.
5
+1.
4
—O.
1
  
Table 20
Power
Evalu
ation
- Cat
egory
1, 2
and
3
Quebec
System
— St.
Lawren
ce Riv
er Pla
nts
Adjust
ment t
o Aver
age An
nual E
nergy
for
Diff
eren
ce i
n Me
an O
utfl
ow
24
2,
06
8
c.
f.
s.
24
2,
11
1
c.
f.
s.
Lak
e O
nta
rio
Mea
n O
utf
low
fro
m B
asi
s—o
f-C
omp
ari
son
(BOC
)
Adj
ust
ed
Bas
is—
of—
Com
par
iso
n (
ABOC
)
 
Lake
Mean Outflow
Average Annual Energy
 
from
Difference from
Incremental
Regulation
Regulation
BOC or ABOC
Economy
A Before
A After
Scheme
Scheme
Total
Share
Factor
Adjustment Adjustment Adjustment
cfs
cfs
cfs
kvafs
GWh
GWh
Gwh
 
E
'
Compa
red t
o BOC
1
1
6
—18.5 —ll.2
— 7 3
+ 5.1
— 5.2
- 8.0 + 5.4 — 2 6
Category
1 25
N
242,517
+449
+449
155 242,317 +249 +249
6L 242,263
+195 +195
mcH
I
h
h
h
v
v
v
 
Catego
ry 2
25N
242,43
0 +3
62
+362
158 242,23
6 +168 +16
8
6L 242,160
+ 92 + 92
+10.2 - 4 7
+ 4.6
— 2.3
+ 5.0
+ 1 2
@
0
0
0
0
0
"
)
I
l
\
l
\
[
\
v
v
v
Category
3 25
N
242,425
+357
+357
155 242,23
6 +168 +16
8
6L 242,179 +111 +111
mvF
I
w
m
h
N
h
v
I
h
m
m
V
Q
Q
‘
I
h
h
h
v
v
v
 
Co
mp
ar
ed
to
AB
OC
i
Category
3 25
N
242,425
+314
+314
155 242,236 +125 +125
6L 242,179 + 68 + 68
m
h
H
h
N
I
o
m
h
.
N
N
O
I
m
N
w
.
N
m
N
I
h
~
h
h
v
v
v
